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HISTORY OF ORGANIZATION 

At various times in the past interest has been expressed in the organi­
zation of a Pennsylvania Academy of Science, but the first active steps 
were taken in this !flatter when the American Association for the Ad­
vancement of Science met at Cincinnati, December, 1923. Among the 
thousands of scientists in attendance from various States was a consider­
able representation from Pennsylvania, several of whom got together and 
discussed the possibilities for such an organization. It was there decided 
to canvass the State as far as possible and if the idea met with sufficient 
approval, to call a meeting for the purpose of considering further steps 
in organization. A committee consisting of C. R. Orton, Pennsylvania 
State College, E. M. Gress and W. A. McCubbin, Pennsylvania Depart­
ment of Agriculture, agreed to direct a canvass of the persons connected 
with the colleges, schools and State departments to ascertain the extent 
of interest among scientists in organizing such a society. The following 
persons were present at this meeting at Cincinnati: C. H. Arndt and 
J. B. Hill, University of Pennsylvania; C. H,. Orton, H. E. Hodgkiss, 
S. W. Frost, F. D. Kern, W. S. Krout, E. L. Nixon, W. S. Beach, and 
J. P. Kelley, Pennsylvania State College; H. D. Fish, J. L. Cartlege and 
H. C. Hinshaw, University of Pittsburgh; E. M. Gress, W. A. McCubbin 
and T. L. Guyton, Pennsylvania Department of Agriculture. 

The above mentioned committee sent out over 2,000 questionnaires to 
persons thought to be interested in organizing an academy. From these 
questionnaires 123 replies were received, 98 of which were favorable to 
forming an academy, eighteen not in favor and seven doubtful or indif­
ferent. Encouraged by these replies a call was sent out to these persons 
to meet in Harrisburg, April 18, 1924, for the purpose of completing the 
organization. 

FIRST MEETING 

This meeting was called to order by Frank D. Kern, Pennsylvania 
State College, and he briefly outlined the purpose of the gathering. A 
motion was offered and approved that a presiding officer and secretary 
be selected for the organization meeting. Frank D. Kern was chosen a 
permanent chairman, and S. H. Derickson, Lebanon Valley College, was 
chosen as secretary. A motion was then offered that the ''Pennsylvania 
Academy of Science'' be organized. After discussion the motion was 
unanimously passed. 

9 
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The chairman was authorized to appoint two committees, a committee 
of three to prepare a constitution, and a committee of five as a nominating 
committee. The chairman appointed Geo. H . .Ashley, G. vV. Martin and 
C. R. Orton to form the Committee on Constitution. B. L. Miller, H. D. 
Fish, E. 1\I. Gress, F. N. Maxfield and Ralph N. Kocher were placed on 
the Committee on Nominations. 

The Committee on Nominations presented the following names, all 
of whom were elected as the first officers of the .Academjr : President, 
0. E. Jennings, University of Pittsburgh; Vice-president, C. E. McClung, 
University of Pennsylvania; Secretary, Joseph S. Illick, Pennsylvania 
Department of Forests and Waters; .Assistant Secretary, T. L. Guyton, 
Pennsylvania Department of .Agriculture; Treasurer, Frank D. Kern, 
Pennsylvania State College; Editor, George H . .Ashley, Pennsylvania 
Department of Forests and \Vaters; Press Secretary, J.P. Kelley, Penn­

sylvania State College. 
.Advisory Council: Gifford Pinchot, Governor of Pennsylvania; Edgar 

Fahs Smith, Provost Emeritus, University of Pennsylvania; Henry S. 
Drinker, President Emeritus, Lehigh University; W. J. Holland, Director 
Emeritus, Carnegie 1\Iuseum, Pittsburgh. 

Executive Committee: 0. E. Jennings, President; C. E. McClung, 
Vice-president; Joseph S. Illick, Secretary; Frank D. Kern, Treasurer ; 
B. L. l\iiller, Lehigh University, four years; John .A. Miller, S·warthmore, 
two years; S. H. Derickson, Lebanon Valley, one year. 

The Committee on Constitution presented a Constitution which was 
discussed and accepted as a temporary Constitution. The Committee was 
continued until the next meeting and instructed to present at that time 
a final draft of a Constitution. .A Legislative Committee of two was 
appointed by the Chairman, J. M. McKee, and JohnS. Fisher constituted 
this committee. Upon motion it was decided that all those present at the 
meeting· upon payment of dues would become charter members. The 
charter member list was held open until the time of adopting a Con­

sti tu ti on. 
FALL MEETING, 1924 

The Executive Committee called a meeting of the .Academy on Novem­
ber 28, 1924, 0. E. Jennings, presiding, Joseph S. Illick, secretary. The 
following papers were presented by the members: 

Scale insects of Pennsylvania: F. M. Trimble. 
Investigation of available road-building materials in Pennsylvania: H. S. Mattimot·e. 

Surveying forest soils: J. T. Auten. 
Metal poisoning in peaches: W. A. McCubbin. 
Some t·ece'llt developments in large central stations: Joseph Razek. 
Nesting habits of minnows and the pearl organ problem: Norman H. Stewart. 
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Pt·e-conceptional sex-control: Harold Dufur Fish. 
Foraminiferae in the determination of oil deposits: Geo. H. Ashley. 
Serological studies in the control of the hog lung worm: George Zebrowski. 
Black gt·anites of northern Bucks County: R. W. Stone. 
The t·usts of Pennsylvania: C. R. Orton, H. W. Thnrston, and F. D. Kern. 
The borclerlancls of science: Benjamin L. Miller. 
Need for the expansion of state forests: E. A. Ziegler. 
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Preliminary 1iotes on a calcified log from the Pittsbmgh coal near Morgantown, 
W. Va.: Charles R. Fettke. (By title.) 

Notes on the ecological distribution of some fuugi: Hugh l\1. Raup. (By title.) 
An exhibit of models of local geology was shown by Geo. N. C. Henschen. 

The .Academy was addressed by H. C. Cowles, University of Chicago, 
on the subject of ''State .Academies of Science.'' 

Governor Pinchot visited the .Academy and expressed a keen interest 
in the work being done. 

The Resolutions Committee reporte'cl the following resolutions, which 
were adopted: 

"WHEREAS, the many details essential to the enrollment, edification, 
and entertainment of the members and friends of the Pennsylvania .Acad­
emy of Science at the time of the meeting now drawing to a close have 
been attended to in such a manner as to elicit most complimentary com­
ment from all sources; be it 

"Resolved, that the Pennsylvania .Academy of Science hereby offi­
cially express its appreciation and thanks to the members of the several 
committees whose efforts have contributed so largely to the success of 
its meetings. 

"Resolved, that the Pennsylvania .Academy of Science officially ex­
press its feeling of gratitude and thanks to the Superintendent of Build­
ings and Grounds for the use of the Senate Caucus Room for the period 
of the meetings. 

"Resolved, that the Pennsylvania Academy of Science especially ex­
press its gratitude to Dr. H. C. Cowles, University of Chicago, and Dr. 
Edward Hart, Lafayette College, for their gracious contributions to the 
success of its meetings. 

"Resolved, that these resolutions be spread on the minutes of the 
.Academy as a permanent record of appreciation. 

(Signed) ''RESOLUTION CoMMITTEE.'' 

.At the Academy dinner held at the Beach Front Hotel Dr. H . C. 
Cowles, University of Chicago, addressed the .Academy on the ".Activities 
of State .Academies of Science''; Dr. Edwin Hart, Lafayette College, 
gave a brief address on the future of the .Academy. 
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THIRD MEETING OF PENNSYLVANIA ACADEMY OF SCIENCE, 
APRIL 10 AND 11, 1925 

The third meeting (the first annual) was held in the Senate Caucus 
Room, State Capitol, Harrisburg, Pa. The meeting convened on_ the 
afternoon of April10 and was addressed by the president, 0. E. Jennmgs, 
University of Pittsburgh, on ''A Classification of the Plant Societies of 
Central and Western Pennsylvania." This was followed by the follow-

ing program : 
Spo?·obol1t.~ u.nifiorus Muhl. in Pennsylvania: E. M. Gress. . 
Demonstration of the life history of the earthworm: S. Hoffman Denckson. 
A c1ouble turtle of the genus Ghrysemys: S. Hoffman De1·ickson and V. Earl Light. 
Obsm·vations on hydra in limestone sp1~ings during the winter months: Ray A. 

Troutman. 
Weather conditions at total eclipses of the sun prec1ictable ; also notes on the corona: 

John H. Wayman. . . 
Geographic origin and distribution of the increase of negro populatiOn m P ennsyl· 

vania: Dean Dutcher. 
of calcareous concretions in streams: H. Jus tin P1·oblems couceming the formation 

Roddy. 
An unusual case of limestone decomposition: Beuj. L. Miller. 
The energy of high velocity electrons and the va1·iation of their mass with speed: 

Marsh W. White and W. R. Ham. 
Finance and statistic courses administered by the t1epartments of mathematics of 

Pennsylvania colleges and universities: H. S. Everett. 
A study of helicoids and helices by vectors: Joseph B. Reynolds. 

Fossil ivory: R . W . tone. 
Observations 011 p . nch yel lows : W. . . McCnbl)in and F. L. Holdridge. 
Aphids in tho trm1s.mis ion of )' fl pl 1·ry mo l\i : Floyd F. Smith. 
The esthetic vnlne of ennsylvnuia gnm bit·<ls : Geo. M. Sutton. 
A new field of educational research: Richard Hamer. 
A possible effect and determination of the earth's 1·otation: Richard Hamer. 
The extent of the Ortho and Parhelium schemes: Richa1·d Hamer. 

The publication committee reported progress and outlined a p~actical 
plan for the publication of .the PROCEEDINGS of the Academy. Th1s com­
mittee was authorized to expend up to $300.00 in publishing the 
PROCEEDINGS up to and including the meetings of April 10--11, 1925. 

The incorporation of the Academy was again considered and resub­
mitted to the Committee on Incorporation to be reported on at the next 

annual meeting. 
The Membership Committee proposed the following names for mem-

bership, all of whom were elected to active membership: 
Allnman, I!. c. Bonine, A. 
Allaman, R. P. m1_)entc>·, C. F. G1·eovcs 
Aucker, A . .A . hristmun, ·william F. 
Be1u:h, . ·w. l'nwlcy, Uoward 
Behney, William HudsO)l Davis, R. 
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Deck, Ray F. 
Durbaker, Dr. L. K. 
Dusham, E. H. 
Fisher, Harold Y. 
Forbes, E. B. 
Ford, John J. 
Fritz, B. Sceph 
Gilbert, Levi 
Grove, J. Seth 
Guthrie, Mrs. Tmcy W. 
Hadley, John C. 
Hamer, Richard 
H erbst, Philip 
Highriter, Gordon E. 
Howe, Homer B. 
Howe, Lloyd E. 
Koronkiewicz, Frank S. 
Knolancheek, Francis 
Krebs, L. C. 
Kunkle, J. H. 
Kuntz, E. E. 
Light, L. Lloyd 

'\'Vilson, Della C. 

Light, V. Earl 
Marble, L. M. 
Martin, Ralph E. 
Maxwell, R. B. 
Merchitis, Miss Agnes 
Mohler, John Fred. 
Morse, E. M. 
P eter, Bro. Felician 
Pinney, Miss Frances 
Porter, Thomas L . 
Redditt, Bruce H. 
Richard, Rev. Brother 
Roudabush, Charles E. 
Stoughton, Bradley 
Smith, Floyd F. 
Swartzel, K. D. 
Troutman, Roy A. 
Watts, R. L. 
W eisberger, Edward J. 
Wendt, G. L. 
ViTenstl'Up, Edward J. 
White, Marsh William 
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The Committee on Constitution made its report and the amended, 
temporary Constitution was adopted as a permanent Constitution. The 
Secretary's and Auditing Committee's reports were accepted. 

The Committee on Resolutions presented the following resolutions 
which were adopted: 

REPORT OF THE CoMMIT'rEE ON RESOLUTIONS 

As a consequence of our distinct sense of the success of this meeting 
of the Academy be it 

Resolved, First: that we thank the Superintendent of Buildings and 
Grounds for this courtesy in assigning us to such suitable and comfortable 
quarters. 

Secondly: that we express our sense of the excellent work done by the 
local committee in providing so well for our comfort and ent~rtainme11t. 

Third: that we realize the marked success of the Program Committee 
in arranging the work of the sessions of the Academy. 

Fourth: that the gratitude of the Society is due its general officers 
for their untiring efforts between the sessions and at the meetings in 
laboring to put the Academy on a firm foundation, deserving the esteem 
of scientists throughout the State. 

Fifth: that the success of the meeting already justifies the formation 
of the Academy ; 
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-WHEREAS, there is now on foot a moyement petitioning the State to 
provide for a Bond Issue to furnish funds for the continued addition to 
the Forest Reserves of the State, be it 

Resolved that we authorize our Secretary to communicate with such ' . . 
State officers and Legislative Committees as may from tlme to tlme con-
sider that question our approval of such Bond Issue. 

(Signed) S. C. ScHMUCKER, 
A. E. McKEE 

'l'he Nominating Committee presented the following names for the 
officers indicated, all of whom, upon motion, were elected by a ballot cast 

by the secretary : 
President: B. L. Miller, Lehigh University. 
Vice-President: H. D. Fish, University of Pittsburgh. 
Sec1·etm·y: T. L. Guyton, Penna. Department of Agriculture. 
Assistant S ecreta1·y: F. h Maxfield, P enna. Department of Education. 
T1·east~rer: F . D. K ern, Penna. State Colleg·e. 
Edito1·: Geo. H . Ashley, Penna. Geological Survey. 
E xewtive Comrnittee: N. H. Stewart, Bucknell University; S. H. 

Derickson, Lebanon Valley College. 

On the evening of April10, the Academy met at dinner at the Beach 
Front Hotel. Doctor Samuel C. Schmucker addressed the meeting on 
"The Scientist's Duty to the Religious World," and Dr. H. D. Fish pre­
sented interesting motion pictures of the British Guiana Jungle Lab-

oratory. 

REPORT OF l\'IEETING OF EXECUTIVE COMMITTEE OF THE 
AcADEMY, JuNE 16, 1925 

] r. H. W. Thnr t n wa : 1 cted a cting 'r t·ea urer to r place Dr. 
Frank D. Kem, of tate olJ o· , who resigned from the 1)0 it ion o£ 
Treasurer bccau e 11 wa lcav· "' tl1e m.mtry on a year's leave of abs n e. 

. t a meeting o:f the E.·e utive ' mmittee, December 1 ' J 925 Dr . 
Richard Hamer, nlvcr si ty o:f Pitt bur lt , wa~· ele ·ted o :fl ll a vacam:y 
in th E xecutive ommitt . Dr. J . .A.. F oberg, D pnxtmeu of Pnlilic In-
stl·ucti n , wa. appoh1ted . i tant cretar y to fill the vaca11cy cau d 
by tlHl rc ·i nation f r. 1faxfL 1 . togram Commit tee onsi tina- r 
W . .A. ~1c ubbin, hairman; if. W . Whit R. W. tone, Thaddeus B ol-
t on, an1 0. E. J ennin · , wn · avp int i . ommi ttee on Lo al ·~au e-
men.t : . A. F betO', hairman · J os. Illi k, and E. L ·r e . prtl 2n ~ 
an d 3rd, 1926, wa · fixed as t he 'time for t he nnu,tl !I'I eti.J1 of th~ ad­
emy. 'Ihe cr etary wa b1 t ru t d to tak tcps nt once to affihat the 
Ac~demy with the Am :riean Association t Ol' the A:lva.11cem nt of' cience. 

CONSTITUTION OF PENNSYLVANIA ACADEMY OF SCIENCE 

ADOPTED APRIL 11, 1925 

ARTICLE 1 

SECTION 1. This association shall be called the Pennsylvania Acad­
emy of Science. 

SECTION 2. The objects of this Academy shall be scientific r esearch 
and the diffusion of knowledge concerning the various departments of 
science; to promote intercourse between those engaged in scientific work, 
especially in Pennsylvania; to assist by investigation and discussion in 
developing and making known the material, educational, and other re­
sources and riches of the Commonwealth; to arrange and prepare for 
publication such reports of investigation and discussion as may further 
the aims and objects of the Academy as set forth in these articles. 

ARTICLE 2 

SECTION 1. Membership in this Academy shall be made up of the 
following classes: 1. active members; 2. associate members; 3. honorary 
members, and 4. non-resident members. 

SECTION 2. Any person engaged in any department of scientific 
work, or in any original research in any department of science, shall be 
eligible to active membership. Active members shall pay an admission 
fee of two dollars, which shall also cover the first year's membership fee, 
and thereafter an annual fee of two dollar s. Active members who have 
removed from the Commonwealth may continue as active members by 
the payment of annual dues. 

SECTION 3. Any resident of Pennsylvania interested in science but 
who does not qualify for active membership may be elected to associate 
membership. F ees for associat_e members shall be the same as for active 
members. 

SECTION 4. H onorary members may be elected to this class of mem­
bership in the Academy on account of special prominence in science or 
other branches of learning. They shall be exempt from the payment of 
clues. 

SECTION 5. Any person not residing in Pennsylvania who is eligible 
to membership in the Academy may be elected to non-resident member­
ship. Such members shall pay the r egular admission fee and annual 
dues. 

SECTION 6. Application for membership in any of the foregoing 
classes shall be r eferred to a Membership Committee, ·which shall con­
sider such application and report to the Academy before the election. 
In any case a three-fourths vote of the active members present at any 
meeting shall elect to membership. 

IIi 
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SECTION 7. The privilege of voting in this Academy shall be re­

stricted to the class of active membership. 

ARTICLE 3 

SE 'l'ION 1. 'l'h officer of th_is ca lcmy hall be chosen by ballot at 
the annual me t ing, and. hall hold oi1ice one yMr or until tb ir ucce or 
may be chosen. 'rh y hall ou ist of a Pre ic1ent, ice-pre ident ecre­
tary, Assistant e rctary Pre s ecr tary, 1 :tiftor, and 'l'reasurer, who 
shall perform the dutie u ually p rtaining o heir re pective office and 
in adc1ition, with the e.--Presidents of: the caderoy hall on titute an 
Executive o1mnitt e. Additional member of the Executiv 'ommittee 
shall be elected annually, sllffi i nt to brin"' the total numb r of such 
additional m mbers to four until . uch time n pat President become 
available. 'rh P ·esid •nt hall at ach annual mee U1"', appoint a Pro­
grom omm.itt - and a lo al Ana ement ommitt , ach of two or 
more member , which hall pre1 arc t he pl'O"'rlnn and ha,•e charge of the 
arra:nO'ements :for all m tin•.,. fo r one year. 'l'here hall al o be a 011 -
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CLASSIFICATION OF THE PLANT SOCIETIES OF CENTRAL 
AND WESTERN PENNSYLVANIA 

( Presidentia~ address) 

BY 0. E. JENNINGS 

The plant geography of central and western Pennsylvania presents 
some interesting prob.lems. Many plants, such as the persimmon, papaw, 
sweet azalea, and the mistflower (Eupatorium coelestinum) extend into 
the State from the south and their northern limit is, in general, an east­
west line. Other species, such as the white pine, pitch pine, the Ohio 
buckeye, and the dwarf trillium (Trillium nivale), reach either their 
eastern or western limits in the western part of the State. It is evident 
that quite different ecological factors are concerned in the problem. 

After collecting extensively and studying the plants of western and 
central Pennsylvania for about twenty years the belief has grown with 
the writer that the most generally satisfactory basis for the classification 
of the vegetational groups or plant societies is one mainly concerned 
with the physiographic development of the State. Such a basis allows 
for the migrations of plants over and through the region and it allows, 
also, for the variations of elevation, topography, and nature of the soil, 
all of which have important bearings on the distribution of plants and 
their groupings in plant societies of various kinds. 

During the Glacial Period, perhaps 50,000 years ago/ the ice extended 
southwards over the northwestern corner of the State as far as Beaver 
County, about half way down the western State boundary. In front of 
the ice it is quite likely that there were, compressed into rather narrow 
zones, much the same belts or zones of vegetation that now cross the 
northern part of North America in a general east-west direction. There 
may have been a narrow strip of tundra immediately in front of the ice, 
but, at least, there was very probably a belt of spruces, tamarack, balsam 
fir, arbor vitae, etc. ; next south of this' a mixed forest of white pine, 
hemlock, sugar maple, beech, etc.; and still farther south, and probably 
of wide extent and centering about the southern Appalachians, a de­
ciduous forest of broad-leaved trees such as now naturally inhabits the 
Ohio Valley.2 

1 Schuchert, Charles. Text-book of Geology, Part II. Historical Geology, rev. ed. 
1924. pp. 648 and 654. 

Allison, Vernon C. Quaternic and Tertic Chronology. Pan-Amer. Geol. 42: 
199-216. 1924. 

2 Adams, C. C. Post-glacial origin and migrations of the life of Northeastern 
U. S. Jour. Geog. 1: 308 et seq. 1902. 
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With there reat of the ic and the WIU'Ining up o£ h countl'Y t.lle. e 
belt of vegetation CJ\.-pan :led and .followecl each other northward, and, 
in fact, are till eviclentl carrying on tlti nortln\,ard migration, the 
mor e southern plants taking the places of h north ·n one. except where 
in certain area , often or sma.ll e...'i:tent, local condition or topography, 
e:>.."J)osme, cold soil coli sprin01 wat 1' , al titude, etc. ha e k pt the 
outbern 1lants f rom taking po :e . i n. uch local laO'gin"' behind on 

the pa1·t of the nor herly movincr m igrant i vi :tent, e. 1 eeially in the 
nol'thwe te1·n an~ nor ·h a, tern (glaciated) corner· of the tate, where 
. phagnmn-tamarack bogs tiU remain· a!. o to a 1 ·er cxtenl, on the 
l vated pla teau of the nortll-ccntral ptwt ancltllong the central mo1.mtain 

range southward thTou h the ·a.t . Dn to the circumstance that 
Pennsylvania lies alono· the battle-front belween the north rn coniferous 
types of vec.retation an.d t.Jle m.o1·e outhern broacl-1 1w cl f re , and that 
th · varied J?hY iography and topography favor here the one typ ~md 
th 1' the ot.h r, the e"" tati n of north rn Penn yh ani a particulal'ly, 
i broken up int o in gnlru.· and often i olat d ar a of the one or the 

oth r type. 
'l' hrough th outh rn half of the tate, from the Huntingdon r gion 

west war 1 th re are but ·mall ar a of the northern type of vegetation 
remaining, 11nd, for the purpo e o£ a g neral di u ·.ion ·we ma gen rally 
chara terize thi part of Pennsylvania as having been taJ;.en over by the 
more outhern broad-leaved type o£ forest, characterjze l in various stage.-
o£ it'! de elopro nt by oaks, hickorie. , maple. beech, etc. s 011e travel 
back and :fortll tln·ou"'h th'.i region there seems, at fu'st, to be little y. tem 
in the organiv.ntion of the ve etation, h re one group, there other o·rour s 
pr vailin a the topography or other condition chang . IIowever, if 
one travel fl·om the top o£ one of the entrn1 rld~e , :nch a Tu y 
Mm.mta.in, or Wal'l'ior Ridge, near Huntingdon do'vn the lope to the 
'alley floor, a series of vegetation zones Ol' belt. will be travers d a11d 

hese wm, further, be fotmcl to be duplicat d on practically an of th 
other hirrll riln>e of . oufu-ccntral Pc.nn ylv:anin. r hi· mn.y well intro­
duce a ln·je:f di cus. ion of some of th :fun damental I l'i.nciples of colog-

ical plant geography. 
PHYSIOGRAPHIC AND VEGETATION AL CYCLES 

Nature is constantly working towards a leveling down o£ the con­
tinents, r educing the mountains, also :filling the basins, to the end that 

Bray, W. L. The development of the vegetation of New YDl"k State. N. Y : 
State College F orestry, Syracuse University, Technical Bull. 3 : 166-7. 1915. 

Harshberger, John W. Phytogeographic survey of North America . 1911. Die 

Vegetation c1er Ercle. XIII. pp. 197-198. 
Gleason, H. A. The structure of the maple-beech association in northern :Mich-

•A· a n "P P.l'S 'elL Acad. Sci., Arts&. Lcttel'S. 4: Part I: 285-296. 1924. 
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the surface is reduced to a low plain (peneplain) with slopes so gentle 
that the waters on their vvay to the oceans run too slowly to carry away 
more material than they deposit. The surface of such a peneplain would 
become covered with a uniform mantle of deep, fertile, moderately moist 
(mesophytic) soil, capable of supporting the most highly developed type 
of veo·etation that the climate would permit (Nichol's "Regional Climax 

0 . b 
Association Type"). 3 Nature is universally reducing rocks to s01l Y 
wearing and dissolving them and, as the rocks are changed to gravels, 
sands, or the finer clays and silts, the remains of animal and plant life 
are incorporated with the mineral materials and the result is a fertile 
water-retentive soil very favorable to the growth of vegetwtion. On the 
other hand, depressions, such as lakes, tend to become filled with sands, 
muds, and organic remains, the result of this process, also, being finally 
a level, moderately moist, fertile soil. In fact, Nature is everywhere 
working from dry (xerophytic) and from wet (hydrophytic) conditions 
towards a common moderately moist (mesophytic) condition, and it is 
of importance that this trend is, correspondingly, one from the least to 
the most suitable for the growth of vegetation. 

As the conditions of the habitat become in this manner more suitable 
for vegetation there are corresponding changes in the groupings of its 
plant species, one plant society succeeding another, until, in the final 
mesophytic stage, stability will have been attained and the vegetation 
may be said to have reached the climax stage of the succession. In the 
latitude and general climatic region of Pennsylvania the writer believes 
that the climax stage of vegetation is the forest in which the sugar maple 
and beech are dominant, the beech being more partial to the finer-grained 
and more compact soils, the maple to the mQre gravelly or looser types, 
the two species being frequently intermingled. 

Pennsylvania was derived geologically from a land mass to the east 
from which the sea was gradually filled farther and farther to the west­
ward, until, in Permian times, the last marine waters disappeared. This 
last remnant of the sea was in the southwestern corner of the State. 
The strata thus deposited were compressed, folded, elevated, and, by 
Cretaceous time, this land had been generally well worn down to a pene­
plain ( Sch9oley peneplain). Again elevated, this land, with the excep­
tion of our central mountain ridges, was again rather generally reduced 
(by Tertiary time) to a peneplain (Harrisburg peneplain). Another 
elevation of 100 to 150 feet was followed by the reduction of considerable 

s Nichols, G. E. A working basis for the ecological classification of plant com· 

munities. Ecology 4: No.1. 1923. 
See, also: Clements, F. E. Plant succession, un analysis of the development of 

vegetation. Carnegie Institution, Publ. No. 242. 1916. 
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areas to practically peneplain level (mostly in the form of wide valley 
floors), this being· known as the Worthington peneplain. 4 Up to the time 
of the Glacial Period there has been still further elevation and reduction 
of a minor degree. 

After the formation, during Glacial times, of the Allegheny and Ohio 
rivers, probably associated also with subsequent elevation, the streams 
of western Pennsylvania began actively to cut down into the wide 
rounded valleys of pre-glacial times. The present even sky-line which 
marks, in general, the tops of the mountain ridges of central Pennsylvania, 
is formed by the remnants of the Cretaceous peneplain (Schooley) in 
places considerably more than 2,500 feet above the sea. Below this, ~nd 
extensively indicated by the sky-line of the hills in the Pittsburgh district, 
is the Harrisburg (Tertiary) peneplain, considerable areas of it there 
being at an altitude of about 1,200-1,300 feet, while at about 1,100 feet 
altitude are the divides and terraces representing remnants of the w or­
thington peneplain. Still lower, in the western end of the State, along 
the larger streams, are remnants of old rounded valleys and level flood­
plains of pre-glacial time, at an altitude of 900 feet or more, the Parker 
strath.5 In this region the larger streams have cut down rapidly and 
the river at the junction of the Allegheny and Monongahela at Pitts­
burgh is now about 700 feet ab<lve sea-level. 

As indicated by the above brief outline, southern Pennsylvania has 
had a rather complicated physiographic history during which more or 
less extensive lowlands with presumably deep and fertile soils were 
f~rmed at various times, probably capable of supporting ecologically 
lughly developed vegetation. The similarity of Tertiary floras to those 
now existing would leave little doubt that at least the HarrisburO' and 
later peneplains did support a highly developed forest much lil~e the 
forests of similar habitats at the present time. Portions of these old low­
lands, although now at variously elevated levels, often still retain fairly 
deep and fertile soils and have a vegetation of well advanced or climax 
stages. Instances of this are some of the sugar maple groves of Somerset 
c~unt!, the sugar maple woods on the portions of elevated peneplain con­
stltutmg the plateau in McKealll County, and the sugar maple-beech 
groves on the pre-glacial valley floors in the Pittsburgh district. 

As a result of the manner of their formation the rocks towards the 
east are successively older and have been for a longer time subjected to 
compression and folding than have the rocks towards the western border 
of the State. Also these rocks are, in general, likely to be harder and 

4 Butts, Charles. Kittanning Folio, Geol. Atlas U. S., U. S. G. S 115: 3. 1904. 
. 5 Munn, M. J. Sewickley Folio. Geol. Atlas U. S., U. S. G. S. Folio 176: 16-17. 

(F1eld Edit.) 1011. 
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more re ista:nt o erosion. Although of app1·oxin~ately tll sam ao·e the 
anthracite ea tern Pe1m ylvania is luu·d r than the bituminouR oal 
o:f the Pittsbnrg1t di trict. .As one travels from Rani bur~>' Pitt.'lmrgh 
it i · a matter o.f common hs rvntion that the folcUn" o:E the l 'O li: st1·nta 
becomes rapidly less and less abrupt, being mere wavy folds, at the west, 
and the strata bent even beyond the vertical in places to the east. Sharply 
t l<led tJ't\ta, with their broken and rumpled l'ocks, rocl a. i ly and 
quickly along tlle lin s of s1.1ch salter strata as th y may :in lmlc. F r 
this J:ea ~ hll'g ly, t'h id<>' s t owar 3. Rarrisbm•tr con ·i t Jnait ly 1: the 
most resi . t.ant 1· nman1· of th lar(Y an. :I. harp foBs. n tlH! oth 1: ha11d, 
towards Pittsburgh, the rocks are less folded and broken, and, even 
though mainly softer, and sooner covered with a mantle of soil, the gen­
tleness of the folds has in part operated to prevent the disappearance of 
the soil. On Warriors Ridge or Tussey Mountain, for instance, the crest 
consists of large angular blocks of rock with only small pockets of soil 
on or between these rocks. Farther down the slope more soil has accumu­
lated and this stage corresponds to the less eroded and more nearly soil­
covered tops of some of the more rounded ridges to the west, such as 
Laurel Hill Mountain. Still farther down the slope or at the base of 
Tu:: y :J\iountajn the r k nr ompl ely covered with n m.anll f . oil, 
a11d this staO' o ·· ·esponds rougltly, to l1 oil on ition · on tl1 i·ops o.f 
the ric1<>'eS and hill of li lltl.y old d trata in t h Pi t. bm:crh li tri t. 

'rhe :fot cs oi' erosion may b xp ct cl ventually to l' due Tu · y 
l\'Iountain to a lower altitude with less abrupt slopes, and opportunity 
will be given for soil to accumulate to such an extent that it may then 
correspond to the present condition on the top of Laurel Hill i\Iountain. 
Still further reduction would bring this down to the stage of soil-cm·erecl 
hills such as now abound in the Pittsburgh district. After a very long 
p rio El the Tu, y 'Mountain region may be reduced more or less com­
pl tely t a fairly lev l plain with deep, loose, fertile soils, and its con­
diti n wo11ld h · similar to the present soils of the glaciated rolling lands 

PLATE II 

STAGES IN TIIE REDUCTION OF A PENEPLAIN, CEN'l'R<\L PENNSYLVANIA. 

FIG. I.- Looking nmthwcst over plateau (Allegheny Mountains) from a short dis· 
tance above Horseshoe Curve, P. R. R., west of Altoona. About 2,400 feet 

altitude. 0. E. J., May 27, 1922. 
FIG. 3.-Fl·om same place as Fig. 1, but looking in opposite direction (east) clown 

Burgoon Gap and past Kittanning Point, Horseshoe Curve. 0. E. J., 

May 27, 1922. 
FIG. 4.-Dcposit of sand and gravel laid clown, ns the result of a July thunderstorm, 

along flood-plain of Lynn Run, Laurel riill Mountains, southeast of Rector, 

Pa. 0. E. J., July 22, 1923. 
FIG. 5.-Lookiug southeast from Wanio1·s Ridge down tl1e Juniata River ancl past 

Huntingdon towanls Jacks Mountain. 0. E. J., July 20, 1908. 

PLATE II 
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of central Ohio or to the ecologically similar mesophytic flood-plain soils. 
The water-holding power of the rocks on the top of such mountains as 

Warriors Ridge or Tussey Mountain is .slight. With the reduction of 
these rocks to gravel or sand, the water-holding power rapidly increases. 
More or less thoroughly decayed plant material, such as humus in its 
various forms (duff, peat, etc.), has a remarkable power of absorbing and 
retaining water. 6 The plant humus that mixes with the mineral mate­
rials and becomes part of the soil of the lower slopes more particulady 
adds greatly to the ability of the soil to supply water and dissolved min­
eral salts for the needs of plants. 

Putting the matter briefly, there is a series of plant habitats from the 
top of such a ridge as Tussey Mountain, down the slope, that are suc­
cessively more favorable for plant life. Furthermore, this slope series 
of plant habitats is closely duplicated by a series of increasingly favorable 
habitats on the tops of the less and less sharply folded, and, from the 
standpoint of formation or retention of soils, more and more mature 
ridges, hills, and rolling uplands to the wesrt. Acco-rding to this idea, 
there is from east to west, from the Huntingdon region through the Pitts­
burgh region, a series of plant societies, beginning with the pitch pine 
forest association and ending with the climax sugar maple-beech forest 
association, the main organization of the vegetation being, in order of 
succession, as follows : 

THE PITCH PINE-SUGAR MAPLE-BEECH RIDGE SUCCESSION 

I 

PITCH PINE AssociATION 7 

TREES 

Dominant: Pitch pine (Pin~ts rigida).B 

Secondary; Black oak ( Q116Wus velutina). 
Chestnut oak ( Q. Prinus). 
Chestnut (Castanea dentata). 
Black birch (Betula lenta). 
Big-toothed aspen (PopHhts grandidentata). 

------
6 Russell, E. J. Soil conditions and plant growth. 4th edit., 1921. 
1 Inasmuch as this is probably the most mesophytic forest vegetation possible 

under the prevailing ·edaphic (soil) factors this may be termed a "sub-climax" 
(Clements) or the "edaphic climax" association (Nichols). 

s No attempt at systematic sequence has been attempted in the various lists of 
species other than to generally place the more important or abundant species fil'st. 

FIG. 

FIG. 

PLATE III 

PITCH PINE-SUGAR MAPLE-BEECH RIDGE SUCCESSION 

CENTR.AL AND "\1\TESTERN PENNSYLVANIA. 
1 

1.-Pitch pine association, on top of Warriors Ridge, northwest of Huntingdon, 
Pa. 0. E. J., July 20, 1908. 

2.-Chestnut-Chestnut oak-Black oak association. Looking up Indian Creek 
Valley from B. & 0. R. R., Laurel Hill Mountains, northwest of Ohio Pyle. 
0. E. J., June 23, 1917. 
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SMALL TR.EES AND SHRUBS 

Dominant: Scrub oak ( Q1te·rc1!S ilicifolia,). 
Dwarf chestnut oak (Q. p1·inoides). 
Smooth sumac (Rhus gla,bra). · 

Secondary: Mountain laurel (Kalmia latifolut). 
New Jersey tea ( Ceanoth1ts amaricanus). 

HERBS 

Dominant: Bracken ( Pte·ridwm la.tiusool1um) . 
Blueberry ( Vaaainwm vacillans). 

Secondary: Low blueberry (V. angustifoli1tm). 
Bush .clover (Lespedeza capitata). 
Huckleberry ( Ga,ylussacia ba,ccata) . 
Sweet .fern ( Comptonia peregrina), 

The above outline of the pitch pine association is from a survey of the 
top of Tu · ey 1Iountaiu, 11ea ·Huntingdon, Pa ., in .August, 1910. Al3 may 
be seen from fi . 1 o:f :plate III the oil consists mo tly of bi"' blocks of 
rock with ·mall po kets o:f :finer materials between them, or on them, and 
at tim this i a very dry (xerophytic) habitat. 1"1lere i , rnite evi­
:tently, not enou h water available here to SUl)port a broad-lea::e.d fore t, 

!:mch as oaks, with thei.J.· much greater areas of water-tran p1rmg lea£-
ur£ace. 'l'he total t ran. pi.J.·in"' ar a here per unit of lan i o cupied is 

evidently relatively small and it is to be noted, further, that there are 
but three well-marked layers or stories of vegetation, even though the 
foliage ofthe first story (pitch pines) intercepts very little of the light. 
In connection with the water-holding power of soils of various kinds and 
degrees of fineness it is of interest for this habitat to call attention also 
to the varying distances from which soils can raise water by capillarity. 
The soils which are mingled with the rocks on Tussey and similar ridges, 
as observed at a number of places, are relatively coarse, being stony, 
gravelly, sandy, and are probably unable to raise water by capillarity 
from more than a few inches below the surface, even should it be present 
in sufficient amounts. 0 It is quite probable that the scant and semi­
xerophytic character of the vegetation here is in direct relation to a de­
ficiency of water in the habitat. 

II 

CHESTNUT-CHESTNUT OAK-BLACK OAK AssoCIATION 

TREES 

Dominant: Chestnut (Castanea dentata). 
Chestnut oak (Quercus Printts) . 
Black oak (Q. velutina). 
Pitch pine ( Pimts rigida,). 

n.T:r!l - ... ....A V 
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Secondary : Red maple (.A cor rubrum). 
Black birch (Betula lenta). 
Sour gum (Nyssa sylvatica). 
Tulip tree (Liriodendron Tulipifera) . 
Sassafras (Sassafras S as sa fras) . 
White oak ( Quet·cus alba). 
Basswood ( 1'ilia americana). 

Low TREZS AND SHRUBS 

Mountain laurel (Kal'mia latifolia) . 
M{)untain .azalea (Azalea perialymenoides =A. 71/UdifiO'I'a). 
Blueberry (Vacciniwm vacillans). 
Deerberry (Polycodiwm stwrninewm) . 

Low SHRUBS AND HERBS 

Dominant: Trailing arbutus (Epigaea repens). 
Wintergreen (Gaultheria procwrnb ens) . 
Wild indigo (Baptisia tinct aria). 
Bracken ( Pteridiwm latiusculwm). 

Secondary: Moccasin flower ( Cypripedium aca11le). 
Yellow lady'-slipper (C. pubescens) . 
Wild yam (Dioscot·ea villosa). 
Panicled hawkweed (Hieraai1vm paniculahtm). 
Rattlesnake weed (H. venosum). 
Naked·:flowered tick-trefoil (Meibo'lrllia nudifiora). 
Hairy angelica (AngeUca villosa). 
Entire-leaved false foxglove (Awreolaria laevigata). 
Silver 1·od (Solidago bicolor). 
Big·leaved aster (Aster maorophyllus). 
Wild sarsaparilla (Aralia nudicaulis). 
Lousewort ( Pedim!laris canadensis). 
Also a number of other less common species. 
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The above list represents the general type of vegetation on the upper­
most slopes and undisturbed top of Chestnut Ridge, above Hillside West­
moreland Co., Pa., many times explored by the Botanical Society of West­
ern Pennsylvania. The soil is stony, with here and there large blocks of 
sandstone, but it mostly consists of a sandy-clay with numerous small 
stones. The pitch pines are not numerous, these probably to be regarded 
as relicts. of stage I, although they may be actually members of stage II 
al~o. This stage is characteristic of most of the slopes and top of Laurel 
Hill Mountains also. 1° Figure 2, plate III. 

"R'~o This is essentially the type {)f vegetation termed by Shreve, Forrest, the 
1 ge Type of Forest,'' in Plant Life of Maryland. Special Publication Md. 

Weather Bur., 3: 282-284. 1910. 
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Dominant: 
Secondary : 
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III 

WHITE OAK AssociATION 

TREES 

White oak (Q1oemus alba) . 
Shagbark hickory ( H icoria ovata). 
Red maple (Acer rubrmn). 
Shingle oak ( Querc11s imbricaria). 

· Scarlet oak ( Q. coccinect). 
Chestnut oak (Q . Prinus); 
Black oak (Q . velu.tina) . 
Red oak ( Q. n~bra) . 

Chestnut (Castanea dentata). 
Wild black cheny (Prunus serotina). 

SMALL TREES AND SHRUBS 

Flowel'ing dogwood ( Corn11S fl orida). 
Ironwood ( Ostrya virginiana) . 
Mountain lame! (Kalmia latifolia) . 
J uneberry (A melanchier canadensis ). 
Redbud ( Cercis canadensis). 

LOW SHRUBS 

Trailing arbut us (Epigaea repens). 
Blueberry (Vaccini1cm vacillans). 
Huckleberry (GayhW!sacia baccata) . 
New Jersey tea ( Cea.notlws american us) . 
High-bush ,blackberry (R1tb1ts allegheniensis) . 
Wild gooseberry (Riibes Cynosba.ti). 

Woo.DY VINES 

Virginia creeper (Psedera quinquefolia) . 
Poison ivy (R1ms radicans) . 
Greenbrier (Smila x hispida ) . 

H ERBS 

Black snakeroot ( Cimicifu.ga racemosa). 
Naked-flowered tick-trefoil (Meibomia mtdiflora). 
Asters ( Astm· 1md1tlat11s, macrophyllus, cordijoli1ts). 
Goldenrods (Solidago bicolor, nemoralis, and ulmifolia). 
Ground-pine (Lycopodium obsc1tr11m). 
Pipsissewa ( Chimaphila 1tmbellata). 
Shin-leaf (Pyrola elliptica). 
Winte1·green ( Ga1~ltheria procuntbens). 
Rattlesnake weed ( H ieraci1mt vena sum). 
Rue anemone ( Syndesmon thalictroidcs). 
Early saxifrage (Sa xifmga vi1·giniensis). 
Wood-rush (Juncoides intcrmedium). 
Curly grass ( Danthonia spicata). 

PLAT!> IV 

PINE- HEMLOCK AssociATION, 

NORTH-CENTRAL P ENNSYLVANIA. 

FIG. I.-Looking north ac · th 1 t . . Ioss e p a eau (Harnsburg peneplain) from near l\ft. 

2 
_ J ewett, Pa. ~- ~· J., September 5, 1922. 

FIG. · H emlock COI1socwtion of upper slope at Clarion Pa 1921. ' · 0. E. J ., Septembe1·, 
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THALLOPHYTES AND BRYOPH1TES11 

Pincushion moss (LeucobTywm albi.dum). 
Pigeonwheat moss ( Polytrichtvm ohioense). 
.Anomodon TostTatus. 
Cladonia lichens, various species. 
Russula emetica. 
Poison amanita (.Amanita phalloides}. 

Lactm·ius spp. 

This is about the usual composition of the upland forest ·vegetation 
of the rolling uplands or rounded hills comprising the remnants of the 
Harisburg peneplain in southwestern Pennsylvania, at altitudes of 
1,200-1,300 feet above the sea. It is the same association as that termed 
the "Slope Forest" by Shreve in western Maryland

12 
and is in part 

the ''Zone of Dominance of Oaks, Hickories, Chestnut, Tulip-tree, etc.,'' 
described by Bray for low altitudes up to 1,200 feet in southern New 
YorkY In Pennsylvania it occurs through the southern half of the 
State on the soil-covered lower slopes of the ridges and on the rolling 
hills of the mountain valleys, or even sometimes covering the valley floors. 
Northwards, in the central part of the State, as in Centre County, this 
forest vegetation begins to mix quite noticeably with the white pine and 
other species of the northeastern evergreen-deciduous transition foresF

4 

(white pine, hemlock, sugar maple, beech, etc.). Figure 3, plate III. 

IV 

SuGAR MAPLE-BEECH CLIMAX AssoCIATION 

This forest vegetation occupies in one form or another the best types 
of fertile, moderately moist soils. It occurs on some of the now-elevated 
remnants of the old soil-covered peneplains, such as the Harrisburg, in 
the Somerset and Ligonier valleys and, more particularly, the region to 
the west of Chestnut Ridge. It occurs in mountain coves where a deep, 
rich soil has accumulated; it is the characteristic forest vegetation on 
many of the preglacial valley floors of southwestern Pennsylvania, also 

n For a list of twelve mosses of this association, see: Jennings, 0. E. Systematic 
and ecological notes on the mosses of western Pennsylvania. Bryologist, 18: 83-93. 

1915. 
12 Op. oit. pp. 275-282. 
1s Bray, W. L. Op. oit. pp. 71-73. 
14 Shreve, Forest. Vegetation areas of the United States. Geogr. Rev. 3: No.2: 

Plate III. 1917. And text. 
This ia also the Alleghanian area (eastern humid transition) of Merriam, C. 

Hart. U. S. Dept. Agr., Bioi. tlmv. Bull. No. 10. 1898. 
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on many of the more recently-formed flood-plains; and, to the northwest 
and :vest, ove~ into. Ohio, it commonly occurs on the level or rolling lands 
of mixed glacial soils. It must be regarded as the climax forest in such 
places and it ':ill not be replaced by another type of vegetation unless 
destroyed or disturbed ~y fire, lumbering, rejuvenated erosion cycles, or 
some other unusually highly modifying or destructive influence. This 
forest must be thought of as occupying the type of soil towards which the 
~1sual natural processes of. erosion and peneplanation are tending and 
IS t~e end. resu~t of vegetational successions in our climate on moderately 
mOist fertile soils, no matter whether the succession begins with th o 1 

f 
'd · e r c 'Y 

crest o a ri gem the mo.untains (xerarch) or whether it begins with the 
sub.merged ~egetation.of ~lake or pond (hydrarch). The usual organi­
zatiOn of this vegetation m western Pennsylvania is as follows: 

TREES 

Dominant: Sugar maple (A em· soochanvm). 
Beech (Fagus gmndifolia). 

Secondary: Pignut hickory (HicoTia glabra). 
Shagbark hickory (H. ovata). 
Mockernut hickOl'y (H. tomentosa = Cm·ya alba K. Koch). 
Red oak ( Que?'cus mbm). · 
White oak (Q. alba). 
Red maple (AceT 1·ubrum). 
White ash ( FTaxinus americana). 
Basswoocl ( Tilia americana). 
White elm (Ulmus americana). 
Black walnut (Juglans nigm). 
Wild black chel'l'y (P1'unus se1'otina). 
Honey·locust ( Gleditsia t1·iacanthos). 
TuHp ti·ee (Li1·ioclendmn Tulipifem). 
A considerable number of other less common trees. 

SMALL TREES 

Wild plum (P1·unus americana). 
I1·onwciocl (Ostrya vi1·giniana). 
Water beech (CaTpinus caToliniana) in moisture spots. 
Dotted hawthorn ( Cmtaegus punctata). 
Papaw (Asimina triloba). 

SHRUBS 

Maple· leaved vibunmm ( Vibumum acerifolium) . 
Gooseberry (Ribes Cynosbati) . 
Spicebush (Benzoin aestivale). 
Elderberry (Sambucus canadensis). 
High·bush blackberry (Bub us alle,qheniensis). 
Black raspberry (Rubus occidentalis). 
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HERBS 

Trout lily (E?·yth?·oniurn americanu?n). 
Toothwort (Dentm·ia laciniata): 
White dogbane (Actaea alba). 
Mayapple (Podophyllum peltaturn). 
Ginseng (Panax quinq?wfolia). 
Indian tmnip (A risaerna t?"iphyllum). 
Blue cohosh ( Caulophyllum thalictroides). 
Wild spikenaTd (Aralia wcemosa). 
Bloodroot ( Sangwinm·ia canadensis). 
Ill-scented trillium (Trillium erectum). 
Large-flowered trillium ( T. grandiflormn). 
Wild phlox (Phlox diva?'icata). 
Spring beauty (Claytonia virginica). 
Early saxifrage (Saxifwga virginiensis). 
Greek-valerian (Polemonium 1·eptans). 
Waterleaf (Hycl?-ophyllwm spp.). 
Honeywort (Deringa canadensis). 
Beechd1·ops (Leptamnium virginianu?H). 
Hairy sweet cicely (WashingtO?>ia Claytoni). 
Enchante1· 's nightshade ( Ci1·caea latifol{a). 
Numerous other, mostly less common, species. 

WOODY VINES 

Summer grape (Vitis aestivalis). 
Virginia creeper (Psecle1·a quinque folia). 
Poison ivy (Rhus radicans). 
Green briers (Smilax hispi.rla and S. ?'otunclifolia). 

The time intervals between the great peneplanation cycles mentioned 
(Schooley, Harrisburg, and Worthington) were very great and on the 
great folds, such as Laurel Hill Mountain, the elevation, slope, exposure, 
and other factors have brought about less suitable ecological conditions 
than would have been the case had the peneplain remained at its original 
more or less approximate base-level. It appears that the habitat has now 

PLATE V 

THE HE~iLOOK RAVINE SUCCESSION, SOUTHWESTERN PENNSYLVANIA. 

FIG. I.-Looking up Falls Run ravine, Glenshaw, Pa. Amelanchie1· canadensis in 
bloom; hemlock at base of slope. 0. E. J., April 25, 1915. 

FIG. 2.-Hemlock ravine, just below Washboard Falls, Guyasuta Hollow, Sha1·psburg, 
Pa. Hemlock consociation. 0. E. J., Jmie 18, 1908. 

FIG. 3.-Sugal' Maple-Beech association on old p1·e-glacial flood-plain immediately 
above the falls, Falls Run, Glenshaw, Pa. Hemlocks largely occupy the 
g-orge into which the stream pitches. 0. E. J., April 25, 1915. 

FIG. 4.-Wildwood Ravine, about 10 miles north of Pittshurg·h, Pa. The Hemlock­
Birch-White Pine association on the slopes is met on the floocl-plain by 
The S•ugar Maple-Beech association. 0. E. J., April 13, 1924. 



40 PENNSYLVANIA ACADEMY OF SCIENCE 

become adjusted to orne tage which would bel' presented in the course 
of the re iuction o:f a more sharply folcled ridge, such a the Tus ey or 
Wal'l'iOl's Mountain ridges. F ar ther we t, the low fol nch as tho ·e 
in the Pittsbm:gh district, are now carcely discernible among .the hil1s 
and t·olling upland , and thi i ecologically equivalent to a still mere 
advanced stage in the r duction of uclt a mounta in 1·id e. 

From this standpoint we may rep ·e ent the major veooetational asso­
ciations of southern Pennsylvania, :from the r gion of Huntingdon west 
through the Pitt burgh r oojon, e entially .as hrrwn on Plate I, page 25, 
taking into consideration only the main sky-line contours. 

MINOR SuccESSIONS 

aving con iderecl the creneral outli11e of the Ol'O'anizati.on of the 
v getation alon.,. the east-we t tran ec from Huntingdon th1·ough Pitts­
btu'glt, th<n·e houl i be mentioned al. o, the minor detail of the relation 
of the vegeta · onal as ociation to the wearing down of the mountain . 
'l'he . lopes of the mountain ar not uniform, as O<>'ured in the conven­
tional dia.,.ram bi.1t are cut in variou way by vnlleys, r~tvine. tc., 
wbieh ru:e gen rally in a state of ac.tj.ye ero ion and the -vegetation i 
cor1'e pondinfl'ly, ju. t as actively chan.,.lng to end finally in the climax 
fore t ve.,. tation as oon a. th land has been brought clown to a low 1' 

level and at len. t tempo1·arUy, ha b en laid out a a deep f r til mod l.'­

ately moi t soil such a· the ordinary well e tabli hed flood-plain. E el'y­
where in our motmtain this proce of buililing oils a: low r 1 vels i 
goin"' on and theh· occu1 ation by the cliluax fore t vegetation can be 

en. Every acthr ly eroding trout tream, with its borderin ..... hemloclc­
birch-1·hododend1·on a ociation i in one of the earl tage of th ·ei'ie 
destined to end finally in the climax sugar maple-beech forest. With­
out discussing further what might appropriately be called the " Trout 
Stream Succession,'' there may be described in a general way the hem­
lock ravine succession near Pittsburgh, this being one of the various other 
minor successions involved in the general program ending in the climax 
forest . · 

THE HEMLOCK RAVINE SuccESSION 

With the damming of the northward flowing streams in \VC tern 
Pennsylvania during the Glacial Period, and the rearrangement of theil' 
drainages into the present Ohio River system, the larger streams were 
to some extent, filled by glacial material but were, also, actively re­
juvenated and have since cut down about 200 feet below their pre lacial 
level. In a certain sense this has left the tributary streams hanging 
high above their outlets and they have been rapidly readjusting them-

PENNSYLVANIA ACADEMY OF SCIENCE 41 

selve by cut ing down their valleys to approximately the new level of the 
trun1 stream, this cutting beainning at the mouth of the tributary and 
workin , 1·apid1y back, u ually following the bottom of the old preglacial 
valley. 'lo t of the mailer tl' ams in the Pitt burgh di trict {the so-
alled "run ") have now had ttfiicient time to widen their valleys at 

the mouth and u ually have even form d some flood-plain. Upstream 
from t hi. th v11lleys u nally contract rapidly into a ravine or gorge and 
nt the bead of thi · u ually there are rapid or fall , where the rather 
slowly meanderinoo tr am in the old rounded preoolaciaJ valley above t1d­
denly plunge down into the new vall y below. Immediately above the 
fall or rapid., where und:i:tm·bed by man there ar -till to be seell 
patch of the clima.x ~mgar maple-beech fore t which .formerly occu· 
pi d the 1;ich flood -plains of t he old preglacial valley . '!'he de p , cool, 
mo.i t gorge or "hollow ' into which the stream plun es i occupied by 
the hemlock a ociation (p rhap more properly the hemlock con ociation 
of the hemlock-birch-white pine association) which constitutes the 
first forest stage in this ravine series.14 Briefly stated, the main organi­
zation of this vegetation is as follows: 

Dominant: 
Secondary : 

I 

HEMLoc K AssoCIATION 

Hemlock (Tsuga canadensis). 
Red maple (Aoer rub1·um). 
Black birch (Betula lent a). 
Downy shadbush (Amelanchie1· canadensis). 
Rhododendron ( Rhododend1·on m-aximum). 

Where this association is best developed, as in the deeper gorges or 
up close to the falls, no other tree occurs with the hemlock (the hemlock 
consocies) and it usually wanders up over the edge of the falls or walls 
of the ravine, often spreading around to some little distance, probably 
this being associated with the extension of cool moist air up out of the 
hollow. In the course of time, the ravine, working upstream, will be 
accompanied by the hemlock forest until the stage of erosion will be 
r e.ached ·where there can no longer be a deep, cool, moist hollow and then, 
"'.1th the widening of the upper part of the valley, the hemlock forest will 
disappear from it. 

Other than the hemlock the plants o:f this association are chiefly spore 
plants of various kinds, among which the following are most prominent: 

14 Jennings, 0. E. A note on the ecological formations of Pittsburgh and 
vicinity. Science, N. S., 27: 828-830. May 22, 1908. 
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Cladophora sp. (Alga); Oonocephalum conicnm (Hepatic); ' PhilonoNs 
Muhlenbergii (Moss) ,15 

II 

BmcH-lVIAPLE-BEECH-OAK MIXED AssoCIATION 

A short distance below the head of the ravine the slopes recede and, 
where the widening has progressed so that the slopes are at an angle of 
about 30 to 45 degrees from the vertical, a mixed forest of rather difficult 
ecological classification appears. The hemlock gradually and almost 
entirely disappears and the trees are mainly deciduous. The soil is of a 
colluvial type, its constituent clay, sand, rock fragments, humus, etc., 
having been variously mixed up as it has been formed and has worked 
its way down the steep slopes. It is generally loose and in spots fairly 
deep, its characteristics varying considerably from spot to spot, owing 
to the miscellaneous ways in which it has been formed. In some respects 
it mig·ht be said to represent a kind of crazy-quilt pattern of small areas 
of soils characteristic of several different ecological habitats. Perhaps 
partly for this reason and partly because of the protection afforded in 
the narrow valley against the cold ·winds, these slopes have the richest 
flora of early blooming plants ("spring flowers"), mostly biennials or 
perennials, to be found in the whole region. Where undisturbed, the 
characteristic organization of this vegetation is about as follo·ws, only the 
more important species being listed: 

TREES 

Black birch (Betula lenta). 
Reel maple (Acer rubrum). 
Beech (Fagus grandifolia). 
Black oak ( Q1te1·cus velutina). 
Reel oak (Q. mbm). 
Basswood ( Tilia ame?'icana). 
White ash (Fraxinus ame1·icana). 

SHRUBS 

Flowering dogwood ( Cornus florida). 
Redbuel (Cerci,~ canadensis) evidently near limestone. 
Downy shadbush (Amelanahie?' canadensis). 

HERBACEOUS PLANTS 

A la1·ge number of "spring flowers" are chm·acteristic of these fairly rich and 
usually sh eltered slopes. One of the most prominent seasonal aspects may well be 

15 J ennings, 0. E. Systematic anel ecological notes on the mosses of western 
Pennsylvania. Bryologist 18: 83-93. Novemb.er, 1915. Thirteen species of mosses 
are listed as occmring rather characteristically in this association. 
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II l the TTillium grandi flo?'um Aspect, when, fr om a distance the whole slope ap· 
en ec . . 

I 'te ti1e T rilliums outshining by far the numerous accompauymg sprmg· pears w u , · 

blooming plants. 
Later in the spr ing the sweet cicely aspect is in places prominent, and one of the 

I . •te1·J· li•• earl\· summer h rba is he honcwort (Del'i'llgcr catwd 'lll~is) . !11 July 
~ Ullll , v • . 

1~ 10 l)l nck-,nnkcroot ( ·i~uicif'«f/ll nwO?nosa) • d tcrmu~cs a n ~spec .nucl . nmo~tg ~ ~~ e 
L.'l tcr-fl ow ri ng pl~tnts mny b meu ti.oned pnr tlcttl o.rly tlck·trefml (.ille tbomr<t Dll!tmn) , 
white· nakeroot (Y.,'ufiatm·iwm ur t ic'a foU~tm) , tnll wood-lettuce ( 1a'/Jcr lu.s crlti si•11111~), 
nntl tho IJ!u ·stcn\ gold nr·od (SolWago cac i(c) . Mnny other lc s comulOLL SJ)CCIC 

are often locally prominent. 

III 

BLACK OAK-RED OAK-ScARLET OAK AssociATION 

Not many of the tributary streams in the Pittsburgh region are yet 
far enough along in their rejuvenated cycle to have reduced the slopes 
at their outlet to a much lower ang·le than included in the stage just de­
scribed, but there appears to be some indication that the black oak forest 
is characteristic of such a habitat. The same forest is characteristic of 
the preglacial hillside slopes leading up to the white oak forest vegeta­
tion on the uppermost slopes and tops of the hills. In the same manner 
that the black oak forest of these slopes will be replaced by the white oak 
forest, \Yhen the hills become further reduced, it can be expected that the 
reduction of the slopes at the mouth of the tributary streams will, also, 
result in occupancy by the white oak forest. 

IV 

SYcAMORE-WILLOW AssociATION 

Not until the hemlock ravine has begun to widen considerably will 
alluvial material begin to accumulate along the stream, building up a 
flood-plain. Along larger streams there soon appears the sycamore­
willow association, but on the young flood-plain of the hemlock ravine 
this is often absent and the first trees to appear are the white elm. Along 
the larger streams of the Susquehanna drainage system, but not along· 
the streams finding their way westward, the red birch (Betnln nigra) 
is a prominent member of this association. 

v 
WHITE ELM-SILVER MAPLE AssoCIATION 

In the narrow ravines the silver maple rarely appears and the asso­
ciation is there represented by the white elni consociation. On the wet 
flood-plain lands along the larger streams of central and western Penn-
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sylvania this association includes a considerable variety of trees, among 
which the generally more prominent ones are the red maple, tulip tree, 
black walnut, shagbark and bitternut hickories, red oak, swamp white oak, 
and white ash, along with older specimens of sycamore and young or 
scattering trees of the sugar maple, in addition to the white elm and 
silver maple. 

VI 

SuGAR MAPLE-BEECH .AssoCIATION 

Towards the mouth of the ravine and along the banks of the larger 
streams the alluvial flood-plain is eventually built up to a height above 
ordinary floods and becomes occupied by the climax sugar maple-beech 
forest . 

.Along the slopes of a hemlock ravine there are frequent land-slides 
which expose new areas for occupancy by plants and so initiate a new 
succession. Prominent stages in this succession are (a) the red elder­
wild hydrangea thicket association, and farther along in the succession, 
(b) the beech consocies of the sugar maple-beech forest. This series is 
abundantly displayed in its . various stages along the larger streams where 
undercutting has resulted in extensive landslides and talus slopes. 

Plate V illustrates diagrammatically the hemlock ravine succession 
and this may be considered as one of the minor or subsidiary elements 
in the whole generalized succession beginning with the pitch pine associa­
tion and ending in the climax sugar maple-beech association. 

SAND-BAR-FLooD-PLAIN SuccESSION 

.Another succession of considerable importance along the larger 
streams already mentioned in connection with the upbuilding of the 
alluvial flood-plain is the sand-bar-flood-plain succession. Where the 
current· is not too swift, gravel and sand frequently form shallows and 
at such places the water-willow (Dianthera americana) frequently be­
comes established in beds. Because of its ability to slow down the cur­
rent and to sift out the floating debris it is frequently able to build up 
the bottom to such a level that the sycamore (Platanus occidimtalis) and 
the willows (Salix fragilis and S. interior) in turn are able to establish 
themselves. .Along the lower Juniata and the Susquehanna the red birch 
(Betula nigra) also appears. Early arrivals of interest in this forest are, 
usually, a wealth of woody vines : Poison ivy (Rhus radicans), river grape 
(Vitis vulpina), and the Virginia creeper (Psedera quinqt~efolia), as 
well as the herbaceous vines, Sicyos and Echinocystis and, frequently, 
Polygonum and Clematis. 
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This forest vegetation assists materially in building up the soil, both 
by its own deposits of organic material and By lowinoo down the current 
durin"" ftoods and causing a greater deposition of mud and' sand. It i 
fiJJall; ucceeded b the ilver maple-white ebn association and this is, 
in time, succeeded by th climax ugar maple-beech fore t: 

Ox-Bow PoND SuccESSION 

_Another succession of interest but occupying only small areas in 
southern Pennsylvania is the ox-bow pond succession. Such ponds are 
being drained or filled to such an extent that but few remain in anything 
like their natural condition. From such studies a:s have been made, the 
following stages are indicated: 

I 

SMALL OX-BOW POND 

Where small and subject to but little wave action, and also shaded by 
surrounding trees, there is usually considerable algal growth of Spiro­
gyra, Vaucheria, Oedogonium, and also the duckweed (Spirodela poly­
rhiza). 

LARGER OX-BOW POND 

\Vhen a larger ox-bow pond is formed, the following plants appear 
to be at once characteristic: Pondweed (Potamogeton natans), waterweed 
(Philotria canadensis); and, less abundantly, Vallisneria, Ceratophyllum, 
l\Iyriophyllum, and Utricularia. 

II 

In an old and well-established pond, such as Logan's Ferry Pond 
was a few years ago, the following vegetational organization was found, 
the various plant societies mentioned being in the nature of zones and 
proceeding from the deeper water (_A) to the shore thicket (D) : 

_A 

CASTALIA-NYMPHAEA .Assocms 

Dominant: Spatterdock (Nymphaea advena). 
Arrow-leaf (Sagittaria latifolia). 
Duckweed (Spvrodela polyrhiza). 

Secondary : White water lily (Castalia odomta). 
Water plantain (Al'isma subeordatum). 
Smaller duckweed (Lemna minor). 
Floating hepatics ( Rieoia natans and flwitans) . 
Algae: Spirogyra, Oeclogonium ancl Pandorina. 
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B 

TYPHA-SAURURUs AssociEs 

Dominant: Cat-tail (Typha latifolia). 
Lizanl-tail (Saurunts cemmts). 

Secondary: Blue flag· (Iris versicolor). 
Bulrush (Svirpus lamtstris). 
Duckweed (Spirodela polyrhiza). 
Hepatic ( Riccia natans). 

c 
ONOCLEA-POLYGONUM AssociEs 

Dominant: Sensitive fern ( Onoclea sensibilis). 
Tear-thumb (Polygonum sagittatttm). 

Secondary: Lizard-tail (Sa1tntnts cermts). 
V.Tool-grass (Scirpu,~ cypeTinus). 
:i\farsh fern (Dryopteris Thelypteris). 
Swamp milkweed (Asclepias incamata). 
Bottle gentian ( Gentiana And1·ewsii). 
Wood nettle (BoehmeTia cyli.ndrica). 
Purple-stem aster (Aster pu1tice1ts). 
Crooked-stem aster (Aste-r prenanthoides). 
False goldenrod (Solida.Qo ,qmminifolia). 
Spike-rush (Eleocharis aci.mtlaris). 
Cow parsnip (Heracleurn lanatmn). 
Seclges ( Carex spp.). 

D 

CEPHALANTHUS-RosA Assocms 

Dominant: Button-bush ( CephalanthM occidentalis). 
Swamp rose (Rosa cm·olina). 

Seconclary: Cordate-leaved willow (Salix c01·data). 
Black willow (Salix nigm). 
Black elderbeny (Sambucus canadensis). 
River-bank grape (Vitis V1tlpina). 
Bindweed (Polygonum Convolvulus). 
Swamp dogwood (Corn us A rnontum). 

The thickets of the Cephalanthus-Rosa Associes are invaded by the 
red maple and white elm, and the appearance of these species in the 
habitat indicates that the vegetation at that point merges into the flood­
plain forest vegetation, and that this would eventuftlly pass into the cli­
max sugar maple-beech forest. 

NORTHERN CENTRAL PENNSYLVANIA 

In the northern part of Pennsylvania, from Lycoming and Tioga 
counties westward, two geological features are important in a scheme for 
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the classification of the vegetation. First, there oecurred, subsequently 
to the formation of the Harrisburg peneplain, an upward doming of the 
earth's crust, so that the peneplain stands at an elevation of 2400-2500 
feet above the sea in McKean and Tioga counties, as compared with its 
elevation of about 1200-1300 feet in the Pittsburg-h district. It is note­
worthy that on the domed part of the peneplain there still remain con­
siderable areas that have not yet been to any considerable extent dissected 
or reduced. The second important feature to be noted is that only the 
northwestern third of this area was glaciated. 

With the retreat of the ice at the end of the Glacial Period it may be 
assumed that the north-central portion (the domed part of the Allegheny 
Plateau) probably passed through the tundra stage and then a stage of 
boreal coniferous forest and that it is now in a transition stage, with here 
and there remnants of. what Bray calls the Canadian Transition Zone in 
New York State (his zone "D"), as evidenced by rather rare occurrences 
of mountain ash (Sorbus americana), hobblebush (Viburnt(m a.Znifo­
lium), shining clubmoss (Lycopodiwn lucidulum), yew (Taxus canaden­
s-is) , paper birch (Betula papyri! era) , mountain aster (Aster acumi­
natns), and others.16 Among the rare and scattering relicts Gf the 
migrating northern flora in various parts of the northern half of the 
State, there may be mentioned the following: Red pine (Pinns resinosa), 
rare in the northern central part of the State ;17 black spruce (Picea 
Jim·iana), rare in upland swamps and cool valleys in Huntingdon, Cen­
tre, Clinton, Lycoming, and perhaps Cambria counties, in the mountains 
of central Pennsylvania; and balsam-fir (Abies balsarnea), rare in cold 
swamps in Centre, Clinton, Lycoming and McKean counties. 

For the most part, however, the climax flora of the old peneplain 
(Harrisburg) is what Bray has ealled the Alleg;heny-TransitiGn Zone 
(his zone "C "). On the plateau around Coudersport (Potter County), 
and l\'It. Jewett and Kane (McKean County), the characteristic vegeta­
tion is generally as follows : 

SuGAR MAPLE-BEECH--BIRCH-WHITE PINE-HEMLocK AssociATION 

TREES 

Dominant: Sugar maple (AceT sacchaTmit). 
Beech (Fag1ts grandifolia). 
Yell9w birch (Betttla lutea). 
White pine (Pinus Strobus). 
Hemlock ( Ts1tga canadensis). 

-----
16 Brny, Wm. L. The development of the vegetation of New York State. N. Y. 

State College · Fo1·estry, Syt·acuse Univ., Technical Publ. 3: 1-186. Nov., 1915. 
17 Illick, Joseph. Pennsylvania Trees, Penn. Dept. Forestry, Bull. 11, 4th eclit., 

p. 78. 1923. 
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Secondary: Black birch (Betula lent a) . 
Paper birch (B. papy1·ijera). 
Red maple (Acer rubrwm). 
Trembling aspen (Populus tremuloides). 
Pin cherry (Pr'lUYIJU,S pennsylvawica). 
Chestnut (Castanea dent at a). 
White ash ( Fraxi'IIIU8 americana). 
Cucumber tree (Magnolia acuminata). 
Tulip tree (Liri~dendron Tulipifera). 
Wild blMk cherry ( Pmntt.S serotina). 
Big-tooth aspen (Populus grandidentata). 

S H RUBS AND SMALL TREES 

Maple-leaved arrow-wood (Viburnum acerifolium). 
Hobble-bush (V. alwifoliwm). 
Staghorn sumach (Rhw typll!ina). 
Bush honeysuckle ( Diervilla Diervilla). 
High-bush blackberry (R1•bt>s allegheniensis). 
Canada blackberry (Rt•btt·S canadensis). 
Prairie willow (Salix humilis). 
Hercules' club (Aralia spinosa). 
Red rasp berry ( Rubtt.S st1·igosus) . 

HERBS 

Bracken ( Pteridium latiu.sculwm). 
Club moss (Lycopodium annotinum, L. complanatt•m, L. lucidulum, and 

L. clavatwm). 
Hay-scented fern (Dennstedtia punctilobula). 
Ma;rginal shield-fern (Dryopteris marginalis). 
Asters (Aster macrophyllus, A. divaricattt.S, and A. acwminatus). 
Goldenrods (Solidago juncea and S. rugosa). 
Pearly-everlasting (Anaphalis margwritacea). 
New York fern (Dryopteris noveboracen.sis). 
Ill-scented trillium (Trillium erectwm). 
Red baneberry (Actaea mbra). 

In places along the valleys and at lower altitudes there are coming 
into this region some of the plants of the more southern deciduous for­
est/8 such as the red oak ( Que1·cus rubra). This has been noted by the 

18 Shreve, Forrest. Vegetation Areas of the United States. Geogr. Rev., Vol. 

III, No. 2, Pl. III and text. 1917. 

PLA'l"E VI 

Gr,ACIATED REGION OF NORTHWESTERN PENNSYLVANIA 

FIG. 1.-Sugar Maple Consociation, on glacial moraine, two miles northeast of Harts­
town, Crawford Co., Pa. 0. E. J., June 11, 1922. 

FIG. 2.-Beech Consociation, on low moraine along the southwestern edge of Pym.o.· 
tuning Swamp, one mile northwest of Hartstown, Pa. 0. E. J., Jm10 

20, 1923. 
FIG. 3.-Sphagnum-Tamarack Bog, near Hartstown, Pa. Cypripediwm acaule, skunk 

cabbage, Tiarella, Saxifraga pennsylvwnica, etc. 0. E. J., June 1, 1919. 

Pr.,.,:rEJ VI 
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writer at Ulysses, Potter County, and in the valley just south of Kane 
McKean County. As one goes north from Butler to ~ane along the B. 
& 0. R. R. , the oaks, with the exception noted, ~eem to _disappeal: from L]:n 
general landscape in the neighborhood of Vowmckel, m the northe~ t~l n 

· of Clarion County. It appears that the deciduous forest Is lU· 
corner . . t' th 
vading this plateau region in the form of finger-hke proJeC 1ons up o 

sheltered valleys. 

NoRTHWESTERN PENNSYLVANIA (GLACIATED) 

The northwestern corner of Pennsylvania, as indicated on the map 
(Plate I, page 25) was rather thoroughly worke~ over by . the gla­
ciers, probably more than once, and the deep dep~sits of ~lacwl mate­
rial for the most part constitute an excellent series of soils fo: plant 
growth. In fact, these soils, as prepared by the glaciers, were hkely_ so 
good as to be occupied relatively quickly by the best ty_Pe of vegeta:1011 
possible in the prevailing climate, in oth_e~ words, th~ chmax veget~tion , 
provided that the topography and conditlon_s of dramage were smtable 
for such vegetation. In a few places, as, for mstance, northeast of arts­
town, the mo-rainal ridges may be too steep. and sharp to ~upport tl:e 
sugar maple-beech association. In other places, as~ for :nstance, m 
many of the wide valleys and g·lacial depressions, dramage IS poor an 
various sta"'es may be seen ranging from the black ash-red maple swamp 
association °through the white elm lowland association to the cli~ax stt ~1' 
maple-beech association. Here, as also :h~oug~ northe~n Oh~o, there l 

a clear distinction between the two consomatwns m the chmax forest. n 
the morainal and other glacial knolls and ridges, and in fact on alrn l 
any well-drained sojl of a mixed morainal character, the sugar maJ>le 
consociation prevails. On the generally more nearly level areas o~ fi~ -
grained clayey soils, perhaps in part water-lain, the beech consociatlOJl 
is distinctly characteristic. . . 

The sugar maple-beech-birch-white pine-hemlock associatiOn 0 

the higher plateau to the east extends into this _reg~on in a few plac • 
notably through the Pymatuning Swamp depressiOn m Crawford ounty 
and along ·the southern shore of Lake Erie in Erie ?ounty . . In the fu·: t 
case, the depression is to be regarded as a slowly disappearmg n r. h rn 
bog area, the tardy disappearance of which _is, in _part, probably due 0 

cool sprin"' waters feeding into deep depressiOns; m the second case, tl te 
0 • 

influence of Lake Erie is evidently the dommant factor. 

SPHAGNUM-'l'AMARAcK BoGs 

During the northward migration of the vegetation, after the r etreat 
of the glaciers, it would naturally be expected that in certain areas the 
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d·t · ,vould f r a lou"' r time r emain nitable for the more northern con 1 Jon . 
1 t :md that more or le j olat ed ar n.- or 1 land. wo lld be left b -

P nn ' . . tl· I t . hincl, n 'l'Otmcled by the advancm~ vegetatton o 11 r ou_ 1 rn 1arac e:r . 
Tlle t opography of the land prev1ou. ly ov reel by the Jc_ , with it tiD­

drained or poorly drained kettle-holes and other depressiOns, natur~lly 
is more favorable to the retention of such boreal islands of vegetatiOn 
than is that of the unglaciated area. There are, in fact, very fe1.v such 
boreal islands in the unglaciated area. 

Such sphagnum-tamarack bogs as do occur in the unglaciated area 
are along the floor or at the head of valleys which are, as a rule, flat and 
choked with alluvial deposits and fed by cold spring waters. The most 
famous and characteristic of these bogs is known as Bear l\Ieadows, 
among the mountains a few miles southeast of State College. Another 
such bog of small extent was near Larabee, Potter County, lying along a 
shallow wide valley. 

In the glaciated area there was, formerly, a characteristic bog in a 
small kettle-hole depression near New Galilee, northwestern Beaver 
County; there is, at present, a small but characteristic bog around a small 
kettle-hole lake a short distance southwest of Mercer; the wide, flat­
bottomed valley above Grove City still has a considerable number of 
tamarack trees; there is a small bog at the foot of Sandy Lake, Mercer 
County; in north-central l\Iercer County, Half-moon Swamp was for­
merly a characteristic bog of several acres; and in the southwestern corner 
of Crawford County there exists remnants of what was formerly a rather 
extensive sphagnum-tamarack bog, occupying an old glacial depression 
heading near Hartstown and extending north and northwest for several 
miles. There is another boggy swamp in northern Warren County, and 
there are probably others unknown to the writer. These examples serve 
to indicate, however, the rather widespread occurrence of the northern 
relict vegetations in the glaciated area of northwestern PennsylYania. 
In some cases, the sphagnum and tamarack are about gone, due to lum­
bering and draining operations, and the interference in natural conditions 
by man seems to be resulting in aiding the southern vegetation to occupy 
the area sooner than it otherwise would. Probably originally in northern 
Pennsylvania, as is the case at the present time farther north, the black 
spruce wot}ld accompany and to some extent succeed the tamarack as the 
level of the substratum was built up, and, eventually, with the attain­
ment of rather mesophytic conditions, the northern mesophytic forest of 
dominantly balsam fir would become the climax forest. 

It is interesting to note that around none of the bog areas mentioned, 
with the exception of Bear Meadows, are there either black spruce or 
balsam fir trees. This, of necessity, means that when the bog basin has 



52 PENNSYLVANIA ACADE M Y OF SCIENCE 

been sufficiently built up to present suitable conditions for a more meso­
phytic vegetation, the only available vegetation of that ~ature is the sur­
rounding vegetation of more southern character, and, It seems that the 
succession generally for these Pennsylvania relict bogs is t~rough .a red 
maple-black ash swamp forest or perhaps in some cases directly mto a 
forest dominated by white pine, hemlock, and red maple. This, probably, 
is transitional to the sugar maple-beech-birch-white pine-hemlock 
association so generally characteristic of the north-central plateau. At 
the lower altitude (about 1,000 feet above the sea) and with the incor­
poration of mineral soil materials in the depression, it appears, as in the 
western end of the Pymatuning Swamp area, west of Linesville, that the 
succession is through a red maple-black ash swamp, into a vvhite elm 
bottomland forest, and probably from there eventually into one phase or 
another of the climax sugar maple-beech forest. 

To summarize briefly, it may be stated that these bog areas are relicts 
of a northward-moving vegetation, and that they will eventually be suc­
ceeded by mesophytic stages of the more southern vegetation which has 
moved up around them. 

PRESQUE ISLE 

Along the shore of Lake Erie, at Erie, Pennsylvania, is a recurved 
sand-spit which has been gradually traveling along the shore towards the 
east. 'l'he sands wear away from the western end where it is attached 
to the shore and, traveling around to the eastern end of t~e spit, con­
tribute towards its upbuilding and extension in that directwn. From 
studies1 0 made by the writer, it is evident that the peninsula has extended 
itself eastward about three miles in six hundred years. During that time 
the vegetation of the sand beaches has passed through a succe.ssion. of 
stages: sand-plain or cottonwood ridge; bearberry heath; white pr~e 
forest; black oak forest; and, finally, hemlocks beginning to appear, this 
probably indicating the sugar maple-beach-birch-white pine-hem­
lock association, such as is present in places nearby, along the northerly­
facing bluff along the shore of Lake Erie. 

Altogether, there are a number of successions on Presque Isle, some 
beginning with ponds or lagoons, others with coves or bays, but no at­
tempt will be made to discuss these associations here, other than to note 
that red maples are prominent in the swamp forest border of the oldest 
habitats of this kind (hydrarch). It is probable that the climax forest 
here also would be of the same type as indicated above for the portions 
of ;he ;eninsula which have passed through the sand-plain stage 

10 Jennings, 0. E. A botanical survey of P 1·esque .Isle, Erie, Pennsylv~nia. An· 
nals Ca1·negie Museum, 5: 289-421, 1909. 
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(xerarch). For details of the various plant societies and their sequences, 
see the publication noted above. 

PINE BARRENS 

The pine barrens of the south-central part of Centre County and 
northern Huntingdon County should be noted in any sketch of the vege­
tation of P ennsylvania. They consist of rolling or nearly level stretches 
of the 1\iorrison soils, sandy, with included small stones, very loose and 
porous, and deficient in humus. Being derived mainly from sandstones 
and quartzites in a limestone region, they have subterranean and rapid 
drainage and droughts are severe, and frequent. 20 The organization of 
the vegetation of these pine barrens is as follows: 

PITCH PINE-SCRUB OAr( AssoCIATION 

T REES 

Dominant ; Pitch pine (Pimt~ Tigida ). 
Secondary; Chestnut (Castanea dentata ) . 

White oak ( Qnenms alba). 
Black oak (Q. velutina ) . 
White pine (Pinu-s St1'0bus). 

S HRUBS 

Bear oak ( Q~;e1·cu~ ilioifolia). 
Dwarf chestnut oak (Q. prinoides). 

SMALL SHR.UBS AND TALL HERBS 

Sweet·fern (Comptonia pereg1·ina). 
New J ersey tea (Ceanothus mnericanus ). 
Bluebenies (Vaooiniwm pennS'IJlvanimvm and V. vacillans). 
Huckleberry ( Ga;yltl~sacia baccata ) . 
Wild sarsaparilla (Amlia nudicaulis). 
Wild indigo (Baptwia tincto1·ia) . 
Bracken ( Ptm·idiwm latiusculwm) . 

Golden~·ods (Sr>lidago juncca,, 1tiJ?IIr>ralis, and bicolor). 
Asters ( Ast l' tvni11blatus, (ll'l'lbi'C!IS mivo1c1cs, and macTophyllus). 
Rough sunfiowGr (1Ieluvnt7111~-S stncmos11s) . 

LOW PLANTS AND C RYPTOGAMS 

Trailing arbutus ( Epigaea 1·epens). 
Wintergr·een (Gaultheria pTOoumb eru). 
Shin leaf ( Pyrola elliptica) . 
Moccasin flower ( Cyp1·ipediwm acii!Ule ). 
P igeon-wheat moss (Polytriohwm oom1mme) and vther mosses. 
Lichens (Cladonia spp., particularly). 
Spotted wintergreen (Chimaphila maculata). ----- -

20 Shaw, Chas. F. The soils of Pennsylvania. P enna. State College Agr. Exper. 
Sta., Bull. 132. Oct., 1914. 
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Should conditions become less xerophytic by r eason of further reduc­
tion of the region, or by reason of the r estoration of surface instead of 
subterranean drainag·e, the pitch pines would be soon succeeded by oaks, 
as already indicated around the edges of the barrens. The succession of 
' '{lgetntional staaes would then fall into the ame s rie of taooes a the 
l'idg , :ri , whicl1, l ike the pine barrens, be in with a f o1·est of pitch 
pin . Tho vegetation of the I ine barrens r esemble.' that of the l 'OChJ' 

rido'e i11 that the foliage of the primar (tall t ) layer of u·ee docs not 
form a dense canopy and there are, further, almost no medium-siz;ed trees 
beneath them. 

SUMMARY 

The fundamental underlying principle upon which the yegetational 
associations and their successions must be based in central and western 
P rom ylvania is that tl1e natm·al tendenc. i for th lan ds to be 1·educed 
and peueplnined, with the r e nlt that a fertile, modet ately moi t (me o­
phy tic) oil wm becom th c)'ener al coverino· of t he land, thi oil being 
fi t.t d 'or h - high ·t ecoloo>ical tyre of ' e()'otation (climax ) whi h the 
climate of the region will permit. In the climatic area occupied by central 
and western Pennsylvania it is believed that the sugar maple-beech 
forest association constitutes the climax, and this means, therefore, that 
in the process of reduction and peneplanation of the land, the various 
vegetational associations will displace and succeed each other as the con­
ditions become more and more suitable until the me<sophytic climax forest 
is reached.· 

At the close of the Glacial Period the zones of vegetation moved suc­
cessively northward and it is believed that this movement is still in prog­
ress, relict areas or islands of "northern " plants· or more or less isolated 
occurrences of one or more species of the northern plants being common 
in the northern part of the State. To briefly summarize, it may be stated 
that four outstanding features characterize the yegetation of central and 
western P ennsylvania, as follows: 

1. Sphagnum-tamarack bogs, mo tly in tlH3 northwestern (glaciated) 
part of the State, cannot follow ou Jteil' natural ' oloo-ical succession 
and become balsam fir-spruce for () t. ·, bt1t, a they be orne sufficiently 
mesophytic, they will be succeeded by more southern mesophytic v o-eta­
tional stages tending towards the sugar maple-beech climax forest. 

2. The domed elevation of the Harrisburg peneplain in the north­
central part of the State is probably responsible for a climate too cold 
for the complete dominance of the sugar maple__:____beech climax. With 
the reduction and peneplanation of this region, however, the climax may 
be expected increasingly to prevail. 

P E N NSYLVANIA ACADEM Y OF SCIENCE 55 

3. The lower glacia~ed northwestern corner of the State has, by 
reason of its glaciated character, considerable areas of fertile and suitably 
mesophytic soils which have already been occupied by one phase or 
another of the sugar maple-beech climax forest . 

4. The southern part of the State, from the region of Huntingdon 
westward, was not glaciated and it appears that much more important 
than the northward movement of the present vegetation are the processes 
of physiographic reduction, as to their bearing on the present successions. 
The Huntingdon region is much more strongly folded, the rocks more 
strongly metamorphosed and the hardest strata more resistant to erosive 
processes, than is .the case successively westward. On account of the 
greater elevation and folding of the eastern ridges, erosion there has been 
generally most rapid and the remaining· portions, the present ridges, 
generally represent rocky habitats which are the most unsuitable for 
plant life to be found in the whole State. With the reduction of these 
ridges, more and more suitable soils will clothe them, and, as one travels 
westward, the less folded and generally less metamorphosed ridges are 
likewise more and more covered with suitable soils. These facts mean, 
then, that from the rocky ridges occupied by the pitch pine forests, there 
follow (a) down the slopes of these ridg·es and (b) likewise to the west­
ward along the ' ' sky-line'' areas of the ridges or uplands, a series of 
better soils and more mesophytic vegetational associations, ending finally 
with the fe:tile and moderately moist soils of the terraces, · or flood-plains, 
or peneplamed areas bearing naturally the climax sugar maple-beech 
forest. In a figurative way, then, through the southern half of the west­
ern third of the State, the plant associations appear to arrange themselves 
generally from the tops of these eastern ridges downwards and westwards 
towards the climax forest. 

In this general outline but little attention has been paid either to the 
many transitional or mixed associations, or to the minor successions such 
~ tho~e of r~vines of different kinds, islands, etc., bu:t it may be said that 
Wit]~ mcreasmg age and stabilization of the activities and results of 
~· · Lon a~cumulatiou of hum , and oth r factor the e min.or ucce _ 
lOlls rclatnrely ·oon merge into the general ucce ion and w"ll .t! ll 
d . t l eli l ' JJ.na y, 

on m 1
C max suo-ar maple-b ech fore t a ociation, figuratively ju t 

a. the branch treum, of a r iver system finally merge into t he one main 
trtmk st1· am. 

PITTSBURGH, p A, 



ABSTRACTS OJ<~ PAPERS READ BEFORE THE ACA 
EMY OF SCIENCE, NOVEMBER 28, 1924 

SCALE INSECTS OF PENNSYLVANIA 

By F. 1\1. TRIMBLE 

Pennsylvania Burea1t of Plant Ind1tstry 

The economic importance of the Coccidae, or scale insects, is re OJ 
nized by plant growers throughout the world and the interest in tl 
group in the United States has been unusually strong since the intro l\11 

tion of the San Jose scale in California about 1870. This family is r Pl'l 
sented in the fauna of Pennsylvania by 109 species. In 1917 only 4 
species had been recorded in the State but subsequent explorations by t 
writer and other members of the Bureau of Plant Industry have r v n1 
67 other species, three of which are new to science. Although only l 
of the total number arc economic pests on out-door plants yet these a1 

sufficiently abundant at times to cause enormous losses if not cantrall 
by mechanical means. In greenhouses and conservatories, nine spe · 
have been recorded as generally injurious. 

The peculiarities in form and habitat of this family are not tmlil 
those of many other families of insects and the amateur must lo 
scrutinize infested plants in order to find many of them. 

INVESTIGATION OF AVAILABLE ROAD-BUILDING 

MATERIALS IN PENNSYLVANIA 

By H. s. l\'IATTIMORE 

Pennsylvania Department of Highways 

In 1924 the Department of Highways used approximately 2,540, · 
tons of stone and 650,000 tons of sand for road purposes. In a :favora 
season, with a large construction program, the quantity of material u 
would be much greater. Much of the material is supplied by comm 
cial plants, but in some counties, where there are no- commercial pla 
or railroads within reasonable hauling distance of a construction job1 
is necessary to discover and develop a local supply. Geologic maps 
a knowledge of rocks and minerals aid in the selection of a site, but 
final determination of quality is made by laboratory tests. 

5ti 
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Rocks available in the State and suitable for highway purposes are 
limestone, trap, granite, gneiss, and some quartzite and sandstone. Dia­
base or trap, granite and gneiss have given excellent results. Some sand­
stone, quartzite and cong'lomerate pass the requirements, others are value­
less for road-building. Siliceous limestone and dolomite are more satis­
factory than high calcium and argillaceous limestones. 

SURVEYING FOREST SOILS 

By J. T. AUTEN 

Pennsylvania State Forest School 

'Ve are confronted with the restoration of millions of acres of forests 
' that our posterity may enjoy what our forefathers have wasted. The 

problem is how to do this most quickly, effectively, and permanently. If 
the abandoned acres are allowed to reforest themselves by natural 
processes, are we sure they will produce most efficiently at maturity~ We 
need to establish a great foundation of fact regarding the fundamental 
conditions of efficient, permanent growth. 

Our know ledge of forest soils is very meagre. Soils are classified by 
texture or size of grain, by their percentage of clay loam sand and 

. ' ' ' orgamc ~atter. Te:ture largely determines the water-holding capacity 
and aeratiOn of a s01l, and these influence the bacterial life. Soil organ­
isms are indispensable to plant growth. 

In the Mont Alto State Forest conifers flourish in certain well-defined 
areas almost to the exclusion of hardwoods. The soil in these areas is 
mal'kedly diffe::m:t. and coarser from that of immediately surrounding 
areas. Is the hm1tmg factor for conifers one of aeration and the conse­
quent nitrogen fixation, or is it merely that the hardwoods cannot exist 
on :he smaller amount of moisture~ Y.l e do not know. The roots of 
comfer~ bear fun~us growths and nodules. Is it not likely that the conifer 
ha.s a n~tr.ogen-fixmg symbiosis similar to that of the legumes~ If a cer­
tam sOil Is best fitted for conifers, whY' allow other kinds of trees to 
occupy ~hat soil and produce inefficiently? 

T.h~ Important factors in a soil survey are: (1) Drainage or moisture 
?onditlons; (2) quantity and kind of organic matter; (3) acidity and its 
111ffld~effnce on :ree growth; ( 4) plant food available and the requirements 
0 1 erent kmds of trees. 

b A ~etailed soil survey of the 23,000-acre Mont Alto State Forest was 
egun m 1924 as a basis for a reforestation policy. 
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METAL ·POISONING IN PEACHES 

By W. A. McCuBBIN 
Pen~lvania Depa;rtment of Agriculture 
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of the tissues to a point where root rot fungi are able to attack them 
energetically. 'l'ests of corn adjacent to one of the affected orchards in 
1924 showed plentiful accumulation of these metals in a large number of 
sickly stalks. 

A series of fertilizer plots were run on the orchard of vV. C. Weaner; 
In 1922 the writer's attention was called to a sickly condition ot of Bendersville, in 1924, designed to test the value of fertilizers in restor­

young peach trees in Franklin and Adams counties which could not be ing normal soil conditions. These included nitrogen, potash, phosphate 
correlated with our ordinary peach troubles. The same condition ha and lime alone, a complete fertilizer including lime, nitrate and potash, 
been noted in York, Berks, and Cumberland counties, and what is ap. phosphorus and lime, and potash and phosphorus. These applications 
parently a similar trouble has been recorded by Dr. Mel. T. Cook h\ were made in varied amounts in early spring and worked into the soil by 
New Jersey. immediate cultivation. 

The foliage of affected trees becomes yellowish in midsummer, the The results were striking. Two of the plots, and these alone, re-
leaves roll upward, have a tendency to sunburn readily, especially alo11 sponded immediately, made luxuriant growth during the summer and 
the edges, and fall long before their time. When this sympt.om appeal! d v l p d normal, dark-green, unrolled leaves. The others remained, to 
in summer, further terminal growth is stunted and the settm.g of bud. all appearance, like the rest of the orchard, which even in a season of 
for the succeeding year is interfered with. Affected trees remam tunted abundant moisture developed the same drought symptoms as before. The 
and small in size, though neither twigs nor foliage show signs o two plots showing improvement were (a) the one with complete fertilizer , 
starvation. and (b) the one having nitrate and potash. Since nitrate and potash 

The. symptoms clearly suggest~d a drought effect, so much so that in occur together only in these two plots, and since none of the chemicals 
the dry season of 1923 this was considered a possible cause. Failure o :11 plied alone gave any results, one is justified in suspecting that here as 
the trees to recover upon the advent of wet weather, as peach trees I' adil • in the case of corn, both elements are necessary to restore the soil bala~ce 
do in cases of drought, led to the search for some other' cause than mere and thus prevent harmful effects from excessive amounts of the soluble 
lack of water. Careful examination eliminated any of the common fung~ alt.c; of iron and aluminum. 
or insects above ground from consideration and led to study of the root It must be admitted that the evidence given is scarcely sufficient to 
system. This was found to be normal except that the majority of the P \'mit any final conclusion, but it does give a strong indication of the 
small roots and rootlets were browned and dead. Frequently new root· JYt obability of poisoning from metal salts, and if future results confirm 
lets had pushed out at the bases of the dead portions only to be killed il 1hi view the range of the toxic action of free iron and aluminum salts 
turn. Root-hair areas, where they were still present, were scanty ill ma. have to be extended to include orchard trees as well as the corn, 
extent and the root-hairs abnormal. Here was the undoubted cause of 1 axley rice and other plants heretofore known to be affected by this so­
the drought symptoms in the tops, but what had killed the rootlet y tem ailed ' metal poisoning. " 
on so large a scale~ 

Some attention was given to possible fungus parasites, but since man. 
dead roots showed no evidence .of mycelium in their tissues and all he 
fungi found associated with the injured roots are such as one meets with 
constantly in the soil, the theory of a parasitic cause for the injury wa 
badly shaken. 

The owner of one of the worst affected orchards stated that before l · 
peach orchard was planted he had neyer been able to grow corn in thj 

SOME RECENT DEVELOPMENTS IN LARGE 

CENTRAL STATIONS 

By JosEPH RAZEK 

University of Pittsburgh 

field. This suggested a soil condition recently associated with corn root . The phenomenal increase in the use of electric power and the increas­
rot, in which, owing to the unbalanced nature of th:3 soil chemicals, ther. ll1g. cost of fuel has forced the adoption of many refinements in station 
is an undue absorption and accumulation of the salts of iron and alum · tgn, .w~ich, although known for some time, were considered of purely 
num in the lower stalk, with consequent weakening and breaking do' tcadcnue mterest. This paper discussed three of these refinements. Two 
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are quite old, but their recent adoption has brought about the devo 
ment of the third. While all pearl organs agree in structure, color and texture, they 

The adoption of the representative cycle, the air preheater, and iii r markedly in size, form and distribution. They are confined to the 
water-cooled furnace wall (the three refinements discussed) seem to a le sex except in the case of the black and the white sucker and the 
low one another logically. The use of high feed water temperatures t Ol "ner, Notropis braytoni. They are of seasonal appearance, being notice­
the adoption of the air preheater, which in turn will probably lead to bl first in the fall or early spring and being shed after the breeding 
wider use of the water-cooled side wall furnace. r1 on in the early summer. 

The regenerative cycle. was suggested many years ago and was Interest arises when we seek to relate these organs to use and to ac-
with large pumping stations before 1900. The air preheater has unl for their distribution on each species. The fact is well established 
used in ma'rine practice for some years, but its adoption in statiOl at the distribution on the body of any fish is a specific character, that 
plants in this country is recent. The water-cooled furnace wall · the pattern on two males of the same age is the same within a given 
recent extension of the water-cooled screen used in furnaces for pul 'p i s. But when we compare species the widest variations occur. Most 
ized coal. us are acquainted with them on the common chub where they form 

The reason that these developments were not adapted earlier is row of four or five large ones (3 mm) over the eye and have given rise 
they could not show a saving at the comparatively low fuel prices . the name "horned ch~b." But on the blunt-nosed minnow they are 
vailing until recently. Even though a development may promise m nfin c1 to the snout, while on other cyprinoids they adorn various parts 
its. a~optio~ can only be justified if the savings obtainable through J the bod! exc~pt the ve_ntral surface. They even form specific patterns 
gam m effiCiency are greater than the increased maintenance and ca the epidermis overlymg each bony scale. Some thirty species have 
cost. The power plant engineer must be guided not only by the :ftl n described and drawings made of their pearl organ patterns. No two 
mental laws of physics and chemistry, but also by the equally v yet been fo_und to be identical. 
mental, though often less obvious, laws of economics. Professor Reighard (1910) concludes that to a varying extent some 

Another new development in central station practice is the 11 - e have foun_d a mechanical use for these organs. He finds that they 
pulverized fuel, which has made possible the efficient use of low- lplo.. the _regiOn~ roughened by pearl organs in maintaining contact 
fuel. Steam generation at elevated pressures is being discussed and ~hmr bodi.es dur~ng spawning. The author agrees with this interpre-
installations are in course of construction. The use of mercury v tion _of the_Ir partial use, as white suckers have been examined in which 
promises high efficiencies. e epidermis of the body of the female has been severely eroded by the 

ughened b~dy of :he males. But the result of a careful comparison 
. the_ spawnmg attitudes of several species with their pearl organ dis-
11~1t;wn leaves no. doubt that many of them are not useful and Reig­THE PEARL ORGAN PROBLEM 

By NORMAN H. STEWART 

Buaknell Unive1·sity, Lewisburg 

Pearl organs in fishes have nothing to do with pearls. They a 
fact little horn-like elevations of the epidermis that develope on the 
of many of our native fishes in the spring of the year. They are p 
like only in color and translucency. Each is a sharply cir um •rr 
thickening of the epidermis, being made up of ordinary epidermal 
that is to say, no specialized cells such as club-shaped cells, mucus, 1. 
or nerve cells occur in them. The core of the little horn-like or"' 
composed of concentrically arranged cells of the stratum htcicl 
Above this the stratum corneum is likewise thickened and elevated I 
a sharp or rounded papilla. 

d s terms effective and non-effective pearl organs are well chosen. 
e seem to h~ve here then structures that are of the nature of excres­
nce ' for ~vhiCh some species have found a use. We may at least be safe 
conclud:n~ that ~amarckian factors (use, etc.) have not produced 

em. _ThiS .Is especially evident when we find totally different patterns 
species With almost identical habitats, and vice versa. 

PRE-CONCEPTIONAL SEX CONTROL 

No abstract. 

By H. D. FisH 
Unive1·sity of Pittsburgh 
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FORAMINIFERAE IN THE DETERl\IINATION OF OIL 

DEPOSITS 

No abstract. 

By GEORGE H. AsHLEY 
State Geologist 

SEROLOGICAL STUDIES IN THE CONTROL OF HOG 

LUNGWORlVIS 

By GEO. ZEBROWSKI 
Professor of Biology, Villanova College 

Studies conducted ·with different extracts of the two species 
lungworms i.li etast1·ongyl1lS apri, and J.li. brevivaginattlS, indicate th 
specific antibodies can be built up in the host against the specific protei 
of these worms. Extracts were made of dry lungworm powder, by trit 
rating half a gram of the po:wder. with 100 c.c. of physiological salt ol 
tion, alcohol and 50 c.c. of ether. These extracts were rendered stcri 
by filtering, and then injected into pigs and other animals; five injectio 
being given of each extract at five-day intervals. Where these ex rae 
1Yere injected into pigs the dosage was as follows: 10 c.c., 20 c.c., 30 c. 
40 c.c., and 50 c.c. for the last injection. Into rats and guinea pigs i 
jections were made of the ether and salt solution extracts in the Pl' 
portion of one cubic centimeter to 100 grams of body weight. 1\lu 
smaller doses were given of the alcohol extracts. 

The above, and similar tests, showed that alcohol extracts of lt111 

worm powder were highly toxic to the animals into which they we 
injected. \V'hen living lungworms and lungworm larvae were il1tt 
clucecl into the blood of such treated rats, they showed marked irritati 
and the larvae died after a few hours. The adult worms taken from 
lungs were apparently not affected. In normal rat and pig· blood L 
larvae remained alive for seven days, when the cultures were ii ca:rd 
clue to putrefaction of the blood. 

Tests similar to the above, conducted with ether and alcohol xirac 
gave negative results, i.e., the larvae and adult worms remained alive 
the blood of such treated animals for three days when they were d 
carded. Anaphylaxis could not be produced in animals injected wi 
these extracts. They vvere also non-haemolytic when left in contact wi 
washed blood corpuscles of rat, pig, and human blood ·for ten hol 
Animals injected with these extracts showed no ill effects even when 
"ected with excessive amounts. 
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It was assumed, in performing the above experiments, that if any 
toxins were given off by the parasites they should stimulate the pro­
duction of antibodies in the body of the host and that in turn these anti­
bodies should have some effect on the parasites. It was found that 
alcoholic extracts of lungworm powder did stimulate the production of 
antibodies in the bodies of animals into which they were injected, and 
that such antibodies would kill living lungworm larvae which were intro­
duced into the blood of the treated animals. The alcoholic extracts were 
found to be l1ighly toxic, non-specific, and haemolytic in action. Appar­
ently, immune bodies can be elaborated in response to their action. 

These studies are still being continued to determine if a practical 
method of immunization can be devised. A detailed exposition of the 
experiments given in this summary will be published in the Proceedings 
of the Indiana Academy of Science. 

BLACK GRANITE OF NORTHERN BUCKS COUNTY, PENN. 

By R. w. S·.rONE 
Pennsylvania Geological Survey 

The so-called black granite that is quarried at several places near 
Quakertown, and used mostly for cemetery monuments, is fine-grained, 
h!lrd, crystalline, and takes a high polish. Chemical analysis shows that 
the rock is ~om posed of: Silica 52 per cent., alumina 15, iron 13, lime 11, 
a~1d magnesia 9 per cent. This is the typical composition of the Triassic 
diabase so ~ammon in ea_stern Pennsylvania and northern New Jersey. 
Furth~rmore, petr~grapluc examination shows that the rock is composed 
essentially of plagioclase, augite and magnetite. The plagioclase feld­

a_rs_ are lath-~l~aped and automorphic, and the augite is xenomorphic. 
Tlns ls tl:e ophitJc or typical diabase structure and we must conclude that 
the rock 1s not a granite. It is typical diabase. 

THE RUSTS OF PENNSYLVANIA 

B;y C. R. ORTON, H. W. THURSTON, JR., and F. D. KERN 
Pennsylvania State College 

(Presented by C. R. Ol"ton) 

11 
This list is based largely on collections made by the authors durinO' 

le past tweh·e years a d d · t d · "" 
'tat Colle , n_ . eposJ e m the herbai'ium of the Pennsylvania 
~ .· 

1 
ge. In ~dditJOn the herbaria of the State Department of 

fn1cn ture at Harrisburg and the University of Pittsburgh have been 
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freely consulted. These sources are represented by several collections 
each. 

The rust flora of the State is represented by 154 species of rusts. 
The nomenclature of the North American Flora is followed throughout 
and the species are distributed in three families and 27 genera. Of the 
154 species, 80 are heteroecious, 69 autoecious and there are five whose 
life history is unknown. Two species are known on ferns, 33 on Gymno-
sperms, and 119 on Angiosperms. . . 

The host plants recorded represent 61 famihes, 172 ge~era and 3~8 
species. The distribution in the State is recorded by counties a_nd ~hi~e 
some regions may be represented by comparatively few ~ollec~wns 1t 1s 
believed that the list is fairly complete. Additions are stil! bemg m~de, 
pending publication, and the authors will be pleased to recmve collectwns 
of rusts from anyone in the State ·who is interested. 

BORDER LANDS OF THE SCIENCES 

By BENJAMIN L. MILLER 

Lehigh UmveTsity 

Many of us can recall the period in which it seemed comparativ~ly 
easy to determine both the boundaries and the contents of the respective 
natural sciences. But in recent years, with an increase of research w?rk 
in all lines, the border lands have been entered upon and we are fin~ 
that our old boundary lines between the various sciences _do not _eXISt. 
The time seems to have arrived in which the most fruitful hues of u~ve. 
tigation are confined very largely to the former border l~nds. ~his 1 

shown by the various combination terms that have. com~ mto ex1 ~ence 
such as Physical Chemistry, Bio-Chemistry, Physwlogical Chemistry, 
Geo-Chemistry, Geo-Physics, Astro-Physics and many others. 

Each of the major sciences has now become so differentiated that no 
one can expect to be able to familiarize himself with more than a m.all 
part of the field. Notwithstanding the breadth and nume~ous branch 
of any particular science, still we are largely concerned wit~ the bol·de 
lands where two or more of the distinct sciences of an earher_ day now 
meet. Specialization is breaking· down the barriers and th~ mter-rel~· 
tionships are assuming greater importance. The psyc:10lo~Ists explam 
mental processes by physiological principles, the _physiologists. s:ek e~· 
planations in chemistry and physics. ''The chemists and physicists a~ 
busily engaged in the attempt to show that all the phenomena of th 
sciences ultimately depend solely upon the laws of matter ~nd energy 
perhaps of energy alone.'' Our speci_alization in all direct10ns seems t 
prove the underlying simplicity or umty of nature. 
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In our colleges and universities of the present day we must train men 
for specialized work in their researches, but it appears that it is becom­
ing necessary for a man to become firmly grounded in at least two sciences 
if he expects to make important contributions to the sum of human 
knowledge. Taking geology as an example, we find that the man who 
expects to do work in economic geology would do well to spend much 
time in his study of physical chemistry, the paleontologist or stratig­
rapher must be an expert in biology and geography, the vulcanist must 
be a student of physics, etc. 

But even the broadly trained scientist is sure to encounter difficulties 
in his investigations in these border lands. Cooperation of the workers 
in allied sciences seems necessary in which the same problems are at­
tacked from two or more sides by specialists of different training. The 
geologist and the chemist, the chemist and the physicist, the astronomer 
and the physicist and many other combinations or partnerships must 
combine their efforts. Joint researches of this kind afford the greatest 
promise of valuable contributions to the many unsolved problems of 
these border lands. 

In addition to the combination of scientific workers, helpful results 
are sure to be obtained by symposiums in which problems common to 
many fields may be discussed by workers in the different sciences. There­
fore it seems appropriate to make use of meetings of various kinds that 
bring together different groups of scientists for the discussion of border 
land subjects. Symposiums of this kind seem most profitable for such 
gatherings as those that bring together all the scientific men of a univer- . 
sity facult~r, the faculties of several colleges or universities, or in such 
an organization as the Pennsylvania Academy of Science. It is the opin­
ion of the writer that symposiums of this character will do more to stimu­
late valuable researches than the more limited discussions among men of 
1h' same general training. 

EXTENDING PENNSYLVANIA'S STATE FORESTS 

By E. A. ZIEGLER 

State Forest School, Mont Alto 

Pennsylvania is now purchasing four-fifths of its lumber and much 
its other wood needs outside the State, to a total value annually of 

"' 1' $100,000,000. It has thirteen million acres of forest and scrub 
J:mds that are of value for no other use. These lands now are not worth 

ve.l· _$10 an acre on an average. By protection and building up the 
t'OWlllg Stock these thirteen million .<!r>l"'<>Q m.<m h., ri~vAT ~~~.;J !- • · 
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worth $150 per acre, or a total producing capital of over $2,000,000,000 
in the next fifty or one hundred years. This will not require a relath·ely 
large money outlay, probably not over $25,000,000 for purchase, with a 
relatively small maintenance hem until the forests become self su-p. 

porting. 
These 13,000,000 acres are held as follows: 

1,000,000 acres in State forests. 
4,000,000 acres in small holdings, mostly by farmers. 
8,000,000 acres in larger holdings, generally unprotected. 

How is thi~ last 8,000,000 acres to be restored? Shall it be by national 
state or private forestry~ 

In Pennsylvania the national government will care ultimately fo 
about 500,000 acres on the Allegheny watershed. This leaves 7,500,000 
or one-quarter of the area of the State, in private hands. It is po · ible 
that 2,500 000 acres will be reestablished in productive forest by wooc1. 
using corporations. This leaves 5,000,000 acres with no prospect of early 
forest reestablishment. Compulsory private forestry is impracticabl<l. 
State ownership of this forest domain ·would achieve better results in 
much shorter time and with considerable profit to the State. 

Building up these additional millions of acres of mountain land i:nt 
productive fo"rest would go far in furnishing State roads in these £or $ 

with a profitable traffic. Such traffic could absorb the maintenance co 
of a large road mileage through the forest areas that now must be charg 
to other State income, since these areas are now largely unprodncti'vc. 

The social uses of the State forests alone justify a comprehensive Stat 
forest policy the first step in which is the acquisition of all the unten.d 
forest land offered up to 5,000,000 acres. The people should re pou 
enthusiastically in the restoration of Penn's Woods, if the matter is pr 
sented in the proper social light. 

PRELIMINARY NOTE ON A CALCIFIED LOG FROM THE 
PITTSBURGH COAL NEAR MORGANTOWN, 

WEST VIRGINIA 

By CHAS. R. FETTKE 

Carnegie In11titute of T echnology, Pittsb1trgh, Pa. 

In 1923 the writer obtained a portion of a well-preserved log :fro 
the Pittsburgh coal near Morgantown, West Virginia. The ·pecim 
was taken from the upper portion of the coal bed in Mine No. 1 of tJlf&----------------=---=-----J_-====:.......::=~. 
Connellsville By-product Coal Company at Barker, ·west Virginia. Thl 
log had been flattened before petrification set in so that it is now ronrthl 
lenticular in cross-section. The specimen, which is twenty-one inch 
lon~r. represents only a portion of the log. At the broken end it has 
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maximum diameter of eleven inches and a minimum of four inches. t 
the opposite end it tapers to a wedge. Plate VII shows the app ·a-ranct 
of the specimen when viewed from different angles. 

Other logs, similar to the one referred to above, occur in place in th 
coal at various levels. They were all in a horizontal position with thei 
flattened surfaces parallel to the bedding of the coal. 

Thin sections of the original specimen examined under the mi ro co 
show how well the cell structure of the original wood has been pre rv 
What appears to be a slight difference between early and late growth co 
can be recognized if a large enough field is viewed with an orc1inu 
pocket lens ~ Plate VIII ). Figure 3, a radial section, magnified 20 
shows medullary rays and tracheids along some of which the pits can 1 
clearly seen. Figure 4 shows some of these pits magnified 75x. 
preliminary examination reveals conifer-like structures indicating th 
the log may represent one of the cordaites. 

A mineralogical f_)xamination of the specimen indicates that the 
placing substance is largely calcite. Some pyrite is also present. 
qualitative chemical analysis bears this out. With the exception ,of 
pyrite and a negligible amount of carbonaceous matter, the material go 
into solution readily in dilute hydrochloric acid with marked effer v 
cence. Calcium carbonate is the chief constituent, associated with whi 
are a little magnesium and possibly minute amounts of ferrous carbona 
A quantitative analysis will be made in the near future. The mate •i 
selected for the purpose has a specific gravity of 2.962. 

ECOLOGICAL DISTRIBUTION OF SOME FUNGI NEAR 

PITTSBURGH, P A. 

By HUGH 1\'I. RAUP 

The problem here considered is the manner in which the layers 
leaf-mould are tied together, from year to year, by fungus mycelia. j 
there should be a regular migration from layer to layer, of the mye _ _____________________ -=:._::::_ _____ _j 
of specific species, it would show a limitation on the distribution of th MICROSCOPIC SECTIONS OF CALCIFIED LOG ]'ROM PITTSBURGH COAL BED. 

. species. From the data it would seem that only one species obs r v d 
actually limited to a certain layer of mould, e.g., Marasmius siccus. 
species of well defined humus formations, Russttla cmetica, Rt~ssula 
cata ?) , Lactar·ius (species¥), and Amanita phaUoides, seem to be rn tl 
promiscuous in their distribution through these layers. · 

At several points there seems to be a correlation of the <li tribu ' 
of the fleshy fungi with that of the major vegetation of the regi 
Amamitopsis vaginata, Lepiota americana, several Russ1das, 

• • L-··- : ..... _ ..... .. . n hl E\_VVlco ~n thi~ 1",::u~nPPJ .. 

1. Transverse section. x 4%. 
2. Transverse section. x 20. 
3. Radial section. x 20. 

4. Pits along tracheids shown in radial section. x 75. 
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SPOROBOLUS UNIFLORUS MUHL. IN PENNSYLVANIA 

By E. l\'L GRESS 

State Bo·ta.nist, H an·isbtwg 

Sp 01·obolus unijlon~s, commonly called Late-flowering Dropseed, was 
found in September, 1924, growing in the sphagnum moss around Painter 
Den Pond in Sullivan County. So far as is known, this plant has rarely 
been found in the State. 

Its general distribution is from Maine to Ontario and Michigan, and 
south to New Jersey. 

t!:f Cop1·inus sp. X 
It is a slender, glabrous annual grass growing from six to eight inches 

tall. 'l'he panicle, which is from one-third to one-half the length of the s 
~ 
p., 

Agaricus sp. X 

x plant, is very delicate and loosely flowered. The spikelets, which are one-M a1·a.s1nius siccus 1 __ __:_ ______________ 

1 -=----------------- 1
- x 1 flowered, are about 1.5 mm. long·. Hygropho1·us coccineus 

Russula ?'08eipes X 

)< 

Russtda rub1·a 1--------------------;j' _:::.=..:..::.:....- -------!- X X 

DEMONS'l'RATION OF LIFE HISTORY OF EARTHWORM 

Russula virescens 

Russula (fmcata n 
R11ssula em etica 

Clitocyb e ocl11'opu1·purect 

Lepiota sp. 

L epiota ame~·icana 

Amanitopsis vaginata 

A manit a phalloides 

Pleu!'O fltS ost1·eatus X 

Lacta1·ius (red, 2" dia.) 

Lactarius (tan) 

Lactctrvus t•olemus ~ (brown) X 

X 

X X 

X 

X 

X X 

X 

X 

X 

X 

X 

By S. HOFFMAN DERICKSON 

Lebanon Valley College, A nnville 

Earthworms are much used for laboratory study. The animals stud­
ied as types should be presented as completely as possible. As dealers 
do not supply the life history of earthworms, it is necessary for those 
desiring to present this study to make their own preparations. 

Stages in the life history of the manure worms are readily obtained. 
Copulating pairs are found near the surface of the soil or manure at 
night or in the early morning and may be killed in hot formalin (5 per 
cent.). This hardens the secretion which binds them together and fixes 

i' the accessory copulatory organs on the twenty-sixth somite in a distended _____ x ________ . _ _ , con ·lition. 

-----!...! Cocoons may he found in spring and summer in manure or soil from 
few inches to a foo t below the surface. They are creamy white, 1 to 
mm. long, shaped like a lemon. '\Vhen the embryo develops they be­Lactarius (red, 4" dia.) 

____ .:....___:_ ________ l ___________ x x ome darker, the color of the worm· showing through the translucent 

X 

Boletus sp. -----"- •apsulc. 

PolyzJorlts versico lo?· x E~bryos may be dissected from cocoons or the cocoons may be kept 
.:.c_za_.v_a_n_·a_:p:..:.y_x_ic_1a_t_a ________ l _::xx:_ _______________ -1li 11 mmst earth until the embryos ha

7

t

1

ch. . One or sometimes two embryos 
Clavaria ?ll1Wida 
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are found in a cocoon. \Ye have found a few pairs fused at the anteriol' 
end. 

The young worm emerg'es from the cocoon by pushing out at one e1, 
of the cocoon where it closed when it left the body of the parent. It rna. 
use the cocoon for a time as a shelter within which it retreats whe 
disturbed. 

A life history demonstration may include 
ing pair; ( 3) fresh cocoon; ( 4) cocoon with embryo emerging; ( 5) emp 
cocoon; (6) young worm. Each specimen is sealed in a numbered 1 
tube, and tubes assembled in Riker Mount with proper legend. ( -, 
Plate IX.) 

A DOUBLE TURTLE OF THE GENUS CHRYSEl\1YS 

By V. EARL LIGHT and S. HoFF:i\1AN DERICKSON 
Lebanon Valley College, Annville 

This turtle of the species Chrysemys picta., or painted turtle, w 

found on the bank of Swatara Creek, near the village of Harpers, i 
East Hanover Township, Lebanon County, Pennsylvania, by Miss al'l! 
Hardig. It first attracted attention because of its being two-headed, aJ 

was kept alive for about three months after it was found. 
The specimen is normal in so far that it has four legs and a tail. 

heads of about the same size protrude from beneath the carapace. 
carapace has about the same size and general shape as that of a norm 
turtle of the same age, but an elevation in the form of a ridge or cr 
extends along the mid-dorsal line from the anterior end of the •:n·a pa 
almost to the posterior end. The plastron has the same general sha 
as that of a normal turtle. 

A more careful examination shows that the plastron, which in a n 
mal turtle of the same species consists of twelve plates, in this spe im 
has thirteen plates. The extra plate is wedge-shaped, in the anteri 
part of the plastron, and lies directly beneath the angle formed beiw 
the two necks of the animal. (See Plate IX.) 

The dorsal region is made up of two carapaces, having the right pln 
of the left carapace fused with the left plates of the right carapace. 
ridge in the median line has the marginal plates of the two sides 01 

ing the crest of the ridge, and a normal number of costal plates for · 
the sides of the ridge. 

Each side seems to have a normal number of vertebral plates, but I 
posterior vertebral plate on the right side is triangular in shape, 

l 

~· 

.: 

PLATE IX 

,. 
... C) 

-

1. Adult~ eopUl~tt1ng 
2. ·a~CCIOnfl•cont e~ ninee ova, IIJ..Crrr. sna 

earthworm •wlit •. 
3-. Young wonr. Juet out Cll"'CIOO<:'C'n•. 
•· Ewvty•ooo(lon•. 
~- Artultl'< Fli'tr~r~oe~oClCirll"" er<'~ Rh6d, 
Prr,J,nl'r>.d by s.R.l.lnr inl':"~' T. ~/?Oil!'!',, 

t,.e.t>~m•n YllllAY ~f'IJ.J.agn,AnnvL.Ln,f'' ~ 
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somewhat under size. A slight elevation extends along each side of t 
ridge on each of the five vertebral plates, which marks the mid-dot II) 
line of each carapace. These elevations come to a point just posterio 
to the crest formed by the fusion of ~he margins. 

Counting all the plates on the carapaces, with the plates of the elev 
fused marginal plates twice, there are: two nuchal plates, £01-ty- VG 
marginal plates, ten vertebral plates, and eighteen costal plates, makin 
a total of seventy-seven plates; in comparison with a normal turtle: on 
nuchal plate, twenty-four marginal plates, fiye vertebral plates, and eio<n 
costal plates, making a total of thirty-eight plates. This shows that tli 
specimen has one extra plate in the carapace same as in the plastron, h1, 
two normal turtles have seventy-six plates, as compared with v nt •, 
seven plates in this specimen. 

A radiograph of the specimen reveals the fact that there are two eli 
tinct vertebral columns extending forward from a point in the region of 
the pelvic girdle. 'l'he pelvic girdle itself seems normal as far as can bt 
seen with an X-ray. No vestiges of an extra pair of appendages 
noticed, and the pectoral girdle seems to be divided, with each half hift 
laterally toward the margin, each half attached to the vertebra beneat 
its corresponding vertebral plate. 

During the time it lived, it was noticed that sometimes the two hea 
acted in one accord, and the turtle moved forward as a normal t'nr tl 
would. Occasionally, however, if one head directed the body in Ollt: 

direction, and the other wished it to .move in another direction, the le 
front foot attempted to move the animal in the direction directed by tl 
left head, and the right front foot attempted to move in that directe4 
by the right head, thus showing the fore legs and claws clawing the ca1•t 
in opposite directions. 

OBSERVATIONS ON HYDRA IN L~MESTONE SPRINGS D R 
THE WINTER MONTHS 

By RAY A. TROUTMAN 

Lebanon Valley College 

(Introduced by S. H. Derickson) 

The general impression prevails that it is difficult to obtain H yd 
from · their natural habitat during the winter months. A series 
observations was made to ascertain the frequency of Hydra in the lim 
stone springs in the vicinity of Annville, Pa., from January to l\' arc 

Relatively uniform quantities of aquatic plants upon which -Iydt 
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are found were placed in two gallon a~uarium jars in. the laboratory. 
After 24 hours the Hydra were counted m each preparatiOn and a record 

kept of the number. 
A record was also kept of the temperature of the water and of the 

air, the depth of the water, the distance from the spring and the date of 

observation. 
From the facts obtained >Ye conclude that Hydra were abundant in 

January and that there was a gradual decrease in number from that time 
till March twenty-first.· . 

The changes in the temperature of the water appear to have little 
influence on the number of Hydra. 

The depth of water at which the Hydra were found yaried with 
atmospheric temperature, the Hydra being· more numerous at a greater 
depth when the atmospheric temperature was low and nearer the surface 
when the air was warmer. 

The Hydra were more abundant five feet from the emergence of the 
spring than at a distance of twenty feet. The difference of temperature 
at these points was less than a degree.. From these observations we con­
clude that greater frequency of the Hydra near the emergence of the 
spring was not due to the temperature factor. 

From all data gathered we conclude that there are other factors than 
changes of temperature determining the number of Hydra at different 
periods and that Hydra may be obtained in considerable numbers from 
limestone spring·s during midwinter. 

\VEA'l'HER CONDITIONS AT TOTAL ECLIPSES OF THE SUN 

PREDICT ABLE; AI1SO NOTES ON THE CORONA 

By JOHN H. WAYMAN 

Pittsb1;rgh 

An exposition of an hypothesis that the weather condition at the time 
and on the totality line of a solar eclipse can be determined by a study 
of antecedent weather conditions. 

NEGRO POPULATION INCREASE IN PENNSYLVANIA 1910-1920 

By DEAN DUTCHER 

Pennsylvania State Forest School, Mont Alto 

• f ll f tical Ulta 1 's.i .t t.h g oo-raphic origin and distribution of the 
Illcre '0 o:f the n '1' POl ulation in Pennsylvania shows that the total 
numb 1' 0f 11 ln'O · wa: !)O,G49 in 1920, or an increase of 15,540 over 
HllO. t lm\1C l'll P rl ic:h •ih,+;n .. , ___ --- . 
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groups. By far the greater number of these people live m 
are between 20 and 44 years old. 

The increase in negro population in Pittsburgh, by city wards, 
the increase of negroes, 10 years of age or over, gainfully employed, 
general divisions of occupations, by sex, for selected States, were · 
As this population is largely urban, 83,000 as against 7,000 rural, 
largest number of males are engaged in manufacturing and me htmi 
industries, and of females in domestic and personal service. 

PROBLEMS OF CALCAREOUS CONCRETIONS IN STREAlVIS 

By H. JusTIN RoDDY 

Millersville Normal School 

The writer has found calcareous concretions in Little Conestoga 
and IIostetters Run, Lancaster County; in Spring Creek, Centre Count. 
and in l\'Iontours Run, Perry County; also underlying whole m aclo 
bordering these streams. These concretions occur only in streams who 
calcium bicarbonate content runs over 1GO to 250 parts in ? million, an 
where there is an abundant algal flora, especially blue-green algae 
Cyanophyceae. The structure is concentrically laminated about a pc 
ble, shell or piece of wood. 

Laboratory experiments developed a coating of lime on pebbles, c P 
cially in acquaria having abundant blue-green algae and a lime conte1 
of more than 200 parts in a million. 

Many streams with a calcium bicarbonate salinity as high as that 
Little Conestoga Creek have 'no concretions. Big Conestoga Creek rare 
has less than 176 parts of calcium bicarbonate in a million, has about t 
same species of algae as Little Conestoga Creek but in less abtm lane 
has about the same chlorine content, and flows over the same kind 
rocks, but Big Conestoga Creek has no concretions, and Little Con ·to 
Creek has them in abundance to its very mouth. 

Big Conestoga Creek contains a varied and abundant mollu. c 
fauna and fresh water bryozoa while the Little Conestoga does not. It 
tentatively concluded that in Big Conestoga Creek the abundant m 11 
can life abstracts the lime from the water to form their shells and th 
checks the development of an abundant algic flora and on equcut 
checks the formation of concretions. Then, too, the molluscan fauna 
their life processes may set free enough carbon dioxide to serve the p 
poses of the algic life. This in turn would render it unnecessary for 
algae to abstract C0 2 from CaH2 ( C08 ) 2 • These ideas suggest some 
the problems to be solved as to the origin and distribution of tre 
concretions. 
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AN UNUSUAL CASE OF LIMESTONE DECOMPOSITION 

By BENJ. L. MILLER 

Department of Geology, Lehigh UniveTsity 

77 

As has long be::m recognized, limestones are eroded mainly by solution 
alono· j oiut aJJd b cltlin~ plnu s by percolating surface waters. In this 
n·oc~ss there i · liltl differ 1ltiation to be observed except in those lime­

!tones in ·which .'ili ott · Ol' argillaceous impurities are disseminated 
throuO'h the rock. There is ordinarily a narrow band of softened, par­
tially "'decomposed limestone present but, in the case of massive compact 
rock·, this is seldom more than one-half inch in width. This material can 
be rubbed off by the fingers. The contac~ between this pulverulent to 
sandy white product and the fresh rock beneath is usually very sharp. 
The ~mdecomposed rock immediately adjacent to the rotten material does 
not seem to have been affected at all by the eirculating· solutions that evi­
dently penetrate very short distances into the rock from the joint and 
bedding plane channels. 'rhus in most places we find residual clay sepa­
rated from unchanged limestone by only an extremely narrow band of 
decomposed rock. 

In contrast with the above, there is a striking example of limestone 
decomposition exhibited in the quarries of H. E. Millard and the Law­
rence Portland Cement Company, a short distance west and northwest of 
Annville. In these quarries there are areas where pure compact lime­
stone has been completely changed to a fine pulverulent powder which 
by slight crumbling· in the hand can be made to pass through a 200-mesh 
screen. 'l'he areas of decomposition are irregular, ranging from 20 to 
200 feet in diameter and extending downward to a depth of 60 feet in 
some places. The bedding· and joint planes can be seen in the decom­
posed material and can be traced into the unaltered beds of limestone 
with no apparent distortion or displacement. 

An entirely satisfactory explanation for this phenomenon has not been 
found as yet. Microscopic examination has shown that solution has 
apparently removed the exterior of the minute crystals of CaC0

3 
con­

stituting the rock, but why the solution penetrated the rock and dissolved 
portions tl1l'oughout and not along· the circulation channels is not ap­
parent. The present position of the strata and the topography do not 
indicate that ground water would remain stagnant in these places for 
sueh a period of time that the rocks beca~1e thoroughly saturated with 
ground water, whereas the other areas adjoining were not, but it is possi­
ble that at some time in the past this might have been the case. 
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This chalky material has been used somewhat in the manufacture 
Portland cement, although it is difficult to handle, and now is being q 
ried, bagged and shipped for agricultural purposes. 

THE RELATIVITY ENERGY EQUATION AND THE VARIATI 

OF THE MASS OF ELECTRONS ·wiTH VELOCITY 
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proper. It is the purpose of the present inve. ti ·a Lion to te the validity 

of this assumption. 1 

A measure of the energy of -•1 ct:rons with velociti .up to 25 000 
equivalent volts was obtained by noting the temperature 1·j · of th~ oil 
bath in which was immersed a Coolidge X-ray tube supplied with a pre­
cisely measured qua~1tity of e~1ergy. The current and voltage supplied 
to the tube from a lugh potentml d. c. source was precisely measured and 
k pt constant by l)Ot ntiom tel· . Various runs were made under practi­
CIIll~· identical en· um ·tance xcept that the yoltage across the tube was 
c·han~~d and the CUlT nt pl'Ol ortionately varied so that the total power 
rcmon d con tont. To compa1·e the energy of the "high potential" 

The Newtonian concept of mass has been altered in Relativity electron stream with the same quantity of "low potential" energy, alter-
to take account of an increase in mass as the speed of the body uurUill:''' e.'~~~ nate runs were made, wherein a precisely measured quantity of enero·y 
that of light. The variation in the mass ol high veloolty dcct'm" w" •nppllod fmm 

0 
25-volt stO'age batt"'y to a heating coil imm"s~d 

By MARSH W. WHITE and W. R. HAM 
Physics Department, The Pennsylvania State College 

been studied experimentally by Hupka and others. Assuming that in the oil bath. 'fhe data obtained from these experiments indicate, with 
of the en ergy supplied by the potential difference existing b a Cprobl~dble erlror_ of about 

0
·
2 

per cent., that the heat energy output from 
cathode and anode goes into the energy of the moying electron and a 00 1

. ge tu Je IS exactl.y equal to the energy input. Hence there are no 
field and taking this energy as given by the Relativity Energy Eq appreciable sources or smks of energy in the tube, as would be obtained 
of Einstein for the kinetic energy of a moving body namely, for example, from transmutation of the atoms in the target. ' 

A.nothe.r series of experiments was made to prove that no appreciable 

(1) 

together ·with the Lorentz-Einstein relation for the variation of mass 

velocity, namely, 

m 
mo illo 

(1- v2fc2) 'h = (1 - ~ 2) •;,' 
(2) 

fraetwn of the energy input goes into heat generated or absorbed at the 
~a thode .. The cath~cle does not appear to be in any way affected by turn­
mg thc.lugh potential on or off. Hence so far as we know at present all 
o~ ~he mput energy must be carried by the electron stream itself · 

Ill the CCJ t' "\XT V J b 
1 ~.e .. · ua wn n = e 1as een correctly interpreted. It is to b~ 

l101 1 however, that no one to date has shown that the anode · s t · 
IV\' man ff· t 1 b f 1 no In . ncr a ec ec c ·ore the electrons actually str 'k · t Tl . 1 e 1. 

le assumptiOn by Hupka and others that the energy of tl e · 
• -•--.... ··- ·· m 1 't fill . . . 1 movmg 

lc 1 s e c Is giVen by W = V e therefore seems justified. The 

these observers found that the data obtained fitted within h~M,~M"~' 
error the above equations. In these equations m is the mass of a 
moving with a velocity v, mo is its "rest mass" or mass when 
with a velocity negligible in comparison with that of light, c is the 

work th:ls puts the Relativity Energy Equation on a firmer 
- ,_..-xn~rimental bas1s. 

ity of light, ~ =o v/c, and V is the voltage through which the electron 

charge e has fallen. 
The conclusions reached by these workers must necessarily stand 

fall upon the validity of their a.ssum1Jtion that W in the equation "\V = 
correctly represents the energy of the moving electron and its field. 
is by no means inconceivable that this assumption may be incorrect. 
example, the emission of any radiation at or near the cathode 
require that W be less than Ve, as would the acceleration of 
charges at the anode during the acceleration of the electrons 

1 These experiments arc more f II l "b . Review. u y c escn ec1 m a paper now in the press of the 
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UNDERGRADUATE FINANCE AND STATISTICS COURSES AD­

MINISTERED BY THE DEPARTMENTS OF :MATHEMATICS 

OF PENNSYLVANIA COLLEGES AND UNIVERSITIES 

By H. s. EVERETT 

Bucknell University 

48 Colleges addressed. 

41 replied. 
7 did not reply (1large institution and 6 small ones). 

-19 now offer in the Department of Mathematics courses in Finance or 

Statistics or both ranging £rom 2 to 21 semester hours. 
2 plan definitely to introduce such courses next year. 
5 plan definitely to increase their offerings next year. 

2 are considering such new courses. 
1 is considering additional courses. 

23 therefore are now giving or plan in the immediate future to give 

courses. 

DISTRIBUTION OF A:t~IOUNT NoW GIVEN 
Colleges 

Semester hours 2 
2 5 
3 2 
4 3 
6 2 
8 1 

10 1 
11 1 
21 2 

indefinite 
Total 19 

The e figm·es rep:r nt an enc urngu1 r sitna ion, indica.tiv 
gro,vth an:l. tlt y show that the clep a.:rtm nts of. ma hematic.- in the 
le•~ ancl1U1i •1·. ities of P 1m y lvania ar . eizing an oppo ·t,nnity to 

1·iclt their curricula by provklino- courses hat in olve not r al 
and met.hod al n bu ri.,.orons matll matical theo ·y, order, and 

ment as well. These figures indicate furthermor a development that merits 
active support and hearty cooperation of this Academy and of 

other scientific organization throughout the State. 

81 

A DISCUSSION QF HELICOIDS AND HELICES BY VECTORS 

PENNSYLVANIA ACADEMY OF SCIENCE 

By JosEPH B. REYNOLDS 

Lehigh Univ ersity 

Ill t hi . paper (;be author treatc i h licoi.l as ruled 
by ~ Y cto. uo.rm~tl to a g iven plane curve at a cur;urface~ generated 
maklllg n on tant angle wjt]l Lhe p lnne of the cur ent pomt P, and 
all twh vo tox n f he oi n L nlO' 1 ve. The envelope of B ' H ong the plan . 

y elementary methods of vector a l . e curve lS a helix. 
h r "d na YSJS many of tl 

e ICOI s and helices were set forth "'l.th . 1' . le properties of 

t

. f . " simp lClty an l d' 
mo wn o the trwd of mutually . l ' c . lrectness. The 

h 

. 
1 

. . per penc 1cular vecto t . 
sp erwa mdiCatrices of the helix ' , rs racmg out the "as nemonstrated and clea l d . r Y escr1bed. 

FOSSIL IVOI~Y 

By R. w. STONE 

Pennsylvania Geoloo'cal 8 • 1wvey 

Both modern and fossil ivory are article 
many purposes. Small objects Iil b d f s of commerce and used for 
little or no regard to direction' of': :a s or ne?klaces, may be cut with 
larger objects will become dJ.st t,.,rdam or locatiOn within the tusk but 
d"ff · or e unless ll · ' 

I erence 111 amount of l . l a owance IS made for th 
t I . s lrm mge alon 0' tl l e 
us{. Billiard balls must be centered ro le. ong and short axes of the 

cut are ellipsoidal because ivory shr~x;ctl~ m the tusk and as originally 
more th~n across the diameter. n rs a ong the length of the tusk 

A 1-mch elise cut f. . posure in th rom a fossil tusk 6 inch . . e dry atmosphere of th . es m diameter after ex 
years, developed fine . e wnter's home for th -
the so-called bark frm~o~=~:1:~n ~:acks near the edge andr::p::a~~:: 
peared and then lia· ·I· ass. Later a few r d" l o l! n me cone t · a ra cracks ap 
n ten years the shell or b ·1 en ric cracks well in toward th -

the main mass. ar' was wholly detached b th _e center. 

\ 

• J Y e shrmkage of 

" ·' \'I .tCll £ J . co o t 1 unov I . n·or~· handle of a , n ll'lllka"'e due to di.ff . . 
perf ct ly lruigbL ~lnle9l ~·a xhibit L 'l'bi handl l 6n~e m textiU'e the 
"'T . Ill 1 . Ou "d . e, mehe lon"" 
,. amed p l'hR"S tl . I l. fine-.,.rained t •· . ' wa 
., 1" 1:( 1 Inn r I ul f , tl oth r l • rc c wergint)' 1;;i i . :P o - a tu, k. 'fh h ooarse-
sidcrntion 1'11 " ' 1 ncb nom a sh·ai"'ht line Tl . dandle now mak an "~ mu t b · · 11 emo t · 
bcfor llttin~>" ben-: e crlven t the location Of b. D ra te. the COll-Jn . au o . Ject within a t n k 
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OBSERVATIONS ON PEACH YELLOWS 

By W. A. 1\icCunnrn AND F. L. HoLDRIDGE 

P ennSjJlvania Bureau of Plant Industry 

Peach yellows is generally accepted as belonging among the virus 
diseases. It has been of considerable importance in the southeastern 
peach counties of the State for many years and the Pennsylvania De­
partment of Agriculture now inspects peach orchards in these counties 
each summer. In the course of this inspection in 1924 two series ·of 
observations have been made which seem worthy of record. 

The first concerns the relia~ility of spring symptoms in diagnosing 
yellows. It would be of advantage to detect the disease in spring so that 
affected trees could be so much earlier disposed of. It has long· been 
noted that trees with yellows may start growth in spring somewhat earlier 
than healthy trees, thus providing in their earlier opened leaf and blos­
som buds an outstanding symptom very early in the season. Is this early 
blooming reliable as a symptom of yellows ~ To answer this question 
three large orchards were inspected April 26 at blooming time and all 
trees showing forced bud development or abnormally early blooming 
were tagged. In July a second visit was made for the usual inspection 
and all yellows recorded. 

The results of the two observations were put in three categories: (1) 
Tagged trees which later showed yellows; (2) tagged trees which showed 
no yellows in midsummer ; and (3) trees which had not been tagged but 
which showed disease in the summer inspection. If all yellows found in 
the second visit could be placed in the first group it would give a strong 
indication that the early spring inspection was reliable; but unfortunately 
such a large proportion of the cases of disease fell into the second and 
third groups that we are forced to the conclusion that early development 
in spring is not an infallible sign of yellows. 

The second observation relates to the possible spread of yellows 
through nursery stock, which has long been a popular belief. The meth­
ods of inspection used by the Department of Agriculture are complete 
for each block of trees, and by means of a questionnaire the nursery 
origin of 158 orchards containing 157,796 trees was obtained. These 
r ecords were then united with the inspection records and each orchard 
listed under the nursery froin which it came. If any nursery was spread­
ing yellows •stock far and wide its list of orchards thus compiled would 
show it as a general high percentage of the yellows found in inspection. 
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The Ii_s~s showed no such nurserie . analy i . .f.rom, aJ1 a . 83 
cast suspiCIOn at any nursery eithe . in or out £ th ngle clld not 
of this analysis therefore must be tal e . t o e tate. 'fhe r e ult 

f I 
' n o mean that our peacl 

are o at east minor importance in tlle . d £ l lltl rsel'ies P1 ea o peach yellows. 

SOME LIFE HABITS OF APHIS RUBIPHILA PATCH 

FLOYD F . SMITH 

P enn sylvania BuTeau of Plant I ndust?·y 

1 Of the var~ous_ diseases affecting raspberries those included in th 
c"ass of ~ystemiC diseases are the most destructive. Mosaic and l f ~ 
are two Important di. eases ill this clas and extensive . ea cur 
various workers lutve failed to d isc1o e h . studws of these by 
. . . A . any mec amcal means of trans-

nnsswn. mon r everal 1D e t d . . . · b . J ·z p t c use m transnussiOn experiments ApMs 
~"!t tp ~t a a ch has pro:en to be the only carrier. Successful inocul -
twns of ~ealthy plants WJth either leaf curl or mosaic have been mad ba 
transfern~g to them aphids of this species whi ch have first fed ~ ~ 
affected ·with that particular disease. on a p an 

. '~he writer has observed the following life hist ory and hab"t Tl 
shmmg black eggs are laid by the wingless females on the raspb I s. le 
-·-tucked in the axils of the buds in . f erry canes 

. ' creviCes o the bark or in Anth 
nose son. _In early April at the time o:f the hatchin()' ~£ th rae-
leaves are JUst separating from the bud and , b"' e_ eoog ' the. 
'rhe oun are a out 1h.b mch long. 

Y g nymphs crawl to the buds and work th h- wa d 
the _leaves . In a few days, after t he shoot ha;re len 1 own nmong 
aphids. may be seen settled about thH ba of th ~t lened .out, tl~ e 
beaks mserted into th e "Olln t" I e new norowth WJth theu· 

" g Issue c ose up under th ld b d 
Reproduction takes place and th I e o u scales. 
mothers often o clo e a . e you~g ~e~t e down near the stem 
with only their 11cacl an l betoalcfot ce l~lanyd mdividuals to rest upon others 

r eac llll"" own to th l t t 
(lrcd or IDOl," .indivi lmtl.s have be n n~t . e p an s em. A hun-
with plenty of tender shoot . eel m such a compact colony and 

' . · . . · gTowm o- out from them. 
£ w wmged mlividt1a l. ap . · tb . 

1 he third d . pear m e >aond gener ation more in 
• . • ru.l a lat·g number in tlle fomtll . P until tl f ·th 

o atwn the aphids l'emain i tl . 1C om g u-
(}f this nc :iu enl:·lv Jim thn 1 . c.ompact colome ' but with the m~turity 

' 1e er 1 a g 11er· 1 a· 1 • 
botlt thi t ime ~at ter cel w:il1 1 . d. . da 1 per a o:f the . dividuals. 

lll'fnce Th g e IVJ uals appear on the under leaf 
· e e su.nuuer f orm ha·ve a 1 1 ' m nf: while th . ,· . £ s a ru e, on y five antenna! seo--

o:( th genu ~tPl JU.no orm ha-ve he usual six segments characteristic 
. 1 . e mature 8Jld rep roduce for a number of generations 
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during the remainder of the summer. Very few winged individuals 
develop on the leaves during the summer and in the fall ,_ about Novem­
ber 1, the wingless sexual forms are mature. The males are small lemon 
yellow and dusky colored individuals about 1/ 3 the size of the females 
whose general color is brick red. Mating occurs on the leaves after 
which the females descend the petioles and lay two or three eggs each 
n.bout the buds. Death occurs soon after egg laying is completed. 
Pr<Ybably ten or eleven first born generations occur in a season, four at 
the base of the growths and six or seven on the leaves. 

Two peculiar things about the habits of this insect are of interest. 
J:i,irst is the feeding at the base of the growth in the spring in the com­
pact colonies, and then the sudden dispersal and the feeding for the 
remainder of the season on the under leaf surface where the favorite 
point of inserting the beak is in the angle formed by the junction of a 
lateral vein and the mid-rib. Second is the change in the rate of repro­
rluction. Individuals of the spring forms produced from 32 to 36 young 
each generation, but those on the leaves have been noted to produce from 
6 to 7 young each. 

The activities of certain predators as the lady beetles, Hippodamia 
convergens and Adalia bipunctata, and of a small Hymenopterous para­
site; Aphidius sp., generally so greatly reduce the apterous individuals 
in the colonies that but few are present at the time of dispersaL 

THE ESTHETIC VALUE OF BIRD LIFE 

By GEoRGE MIKSCH SuTTON, Sc.D. 
Pennsylvania State Game Commission 

That most birds are economically valuable on account of their insect­
eating habits has long been recognized. In fact there is a widespread be­
lief among bird lovers that birds are the only creatures which prey upon 
insects. The ardent amateur bird student too easily forgets that there are 
some insects which are not enemies of the human race, that there are in­
sects that prey upon other insects, that nearly all our batrachians and rep­
tiles are insect consumers, that such mammals as bats eat virtually nothing 
but insects-that, to put it briefly, there are many other factors than the 
birds which are regulating the abundance of insect life. 

I~sect consumption, oftimes the basis for popularity, is not a proof of 
a bird's economic value. The hous WI.' is p1·ai d. for capturing spiders, 
which themselves destroy many in ct · th Pltrple martin is praised for 
destroying dragonflies, dreaded for the mythical bite, but possessing a 
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vqracious appetite for smaller insects; in feeding on angle-worms the 
robin destroys a staunch human ally, an untiring tiller of the soiL These 
examples include three popular birds ignorantly valued for their sup­
posedly good habits of destroying unpopular organisms of low type. 

If we were strictly fair in the matter, we might regard some of our 
popular birds as harmful and worthy of no protection. Yet because of 
their great esthetic value, we do not so regard them. We protect them 
because we recognize their beauty of song and plumage, or their confiding· 
ways, as of value to the human race. It is impossible to correctly esti­
mate such values as this, due to t_heir intangible qualities, but we recognize 
their existence nevertheless. 

. 'ertain valuable groups of birds, like the beneficial spiders, dragon­
flies allC1 flnO'Ie-worm happen not to be popular, and we therefore wel-

ome incriminating evicle11ce against them, or seek excuses for o:fferin·g 
them no protection. Thus are hawks and owls, generally speaking, re­
garded as undesirable bird neighbors, and the economic value and great 
beauty of these birds is scarcely at all recognized. 

Everyone senses the beauty of the cardinal's flashing plumage; is it 
not strange that the graceful soaring of a · red-tailed hawk is not so uni­
versally admired ~ The song of a goldfinch wins praise, while the distant 
hooting of a barred owl is considered ominous, unpleasant. No natural­
ist can understand such a limited appreciation. To the naturalist it is 
evident that the bright orange of a Baltimore oriole's breast and the 
subtle barring on a hawk's wing are essentially the .same; and the song 
of a vesper sparrow and the scream of a red-tailed> hawk are music alike 
to his ears. 

We must admit that certain of the hawks and owls are destructive 
birds, of no economic value; but we have seen that some of our popular 
birds also have destructive habits. Can we not be fair to both groups, 
recognizing that their esthetic value may be sufficiently great to out­
weigh any minor economic losses we may sustain as a result of their 
presence ~ Such an atti~ude will insure for our posterity the presence 
of all species of birds which Pennsylvania now possesses; if we do not 
awaken to the esthetic value of our birds, some species will be gone 
forever. 

Pennsylvania now protects the raven. This rare bird, which has been 
immortalized by the ·poet Poe, still occurs in limited numbers in our 
State. The writer feels that the protection of the raven, which is de­
structive rather than beneficial, is evidence that we are awakening to a 
proper appreciation of the esthetic value of at least some of our native 
birds. 



REPORT OF THE SECOND ANNUAL 1\IEETING OF THE 

PENNSYLVANIA ACADEMY OF SCIENCE, 

HARRISBURG, APRIL 2 AND 3, 1926 

The President, Dr. Benj. L. Miller, presented his presidential address, 
using as his theme "The Origin and Utilization of the Ca~lbro-Ordo­
vician Limestones of Pennsylvania,'' after which the followmg papers 
were presented: 

Pennsylvania building stones: R. V..r. Stone. 
· C 1'1 X T b u I "' "''l 't II L. Yeaglev and A. M. The Ionics of a oo lC ge -ray tt e: 1v.._a rs 1 vv. ., u e, - . J 

Rothrock. 
A chemically active modification of nitrogen: Gerald vVendt. 
Aphids attended by ants in Pennsylvania: T. L. Guyton. 
Notes on the Amphibia of P ennsylvania : N. H. Stewart. 
A method of teaching comparative osteology: Louise Curtiss. 
The mnge-limits and migrations of certain plnnts in \Vestern Pennsylvania: 0. E. 

Jennings. 
Color-pattern regulation in the vermillion spotted newt ( Trit1tms viridescens) : 

H. H . Collins ancl C. F. Fencil. 
· tl ·1· tt cl· 11ewt (_T·ritHrus viri-Regeneration of the integuments m 1c vernu wn spo e 

descens) : Miss Bessie Dickinson. 
Absorption hairs of the peanut (A rachis hypogea): R. A·. Walchon. 
Morphology of the American dog tick: Geo. Zebrowski. · 
The evolutes of the parabola: Joseph B. Reynolds. 
The relation of the Japanese beetle in spreacling the brown rot of peaches: Geo. 

W. Martin. 
Forest increment in Pennsylvania: E. A. Ziegler. 
Why does the apple fall~: R. N. Davis. 
Cosmic radiations. (By title only.) Richard Hamer. 

The following committees were appointed: 
Nominating committee: E. JH. Gress, chairman, 0. E. Jennings, Geo. 

H. Ashley. . .. 
Auditing committee: l\Iarsh \V. Wh1te, _chairman, J os. B. R:ynolcls. 
Resolutions committee: R.N. Davis, chmrman, Geo. Zebrowski, R. W. 

Wiliron. . 
I th ort of the Publication Committee it was pomted out that n e rep . . 

h A l d .d not l1ave enouo·h money to pubhsh the papers whiCh t e cac emy 1 o . 

d b · before the Academy. The Treasurer reported that with ha een g1ven . 
h · · d·-1es it seemed like the Academy would have $600.00 whJCh 

t e Incoming c ''P 
1
- " u · 

· ht b l · the rmblication of the roceec mgs. pon motion mig e usee m . . 
· tl · d tl1at this committee be mstructed to expend up to It was au 10nze · 

SG 
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$600.00 and publish the papers either in abstract, or m their entirety 
up to and including the present meeting. The Auditing Committee re­
ported the books of the Treasurer of the Academy had been e:xoamined 
and found to be correct. 

The Resolutions Committee presented the following resolutions: 
1. Resolved) that the thanks of the Academy are extended to the local 

committee which made such thorough preparation for the meeting. 
2. Resolved, that we hereby thank the Department of Property and 

Supplies for the use _of the Senate Caucus Room which so admirably 
answers our purposes as a meeting place. 

3. Resolved) that the various speakers on the program are commended 
for their efforts in making it a success, and also the members who have 
attended the meeting, some at a considerable sacrifice. 

R.N. DAVISJ 

R. A. WALDRON, 

GEo. ZEBROWSKI. 

The Membership Committee recommended for active membership the 
persons whose names follow. All were elected. 

MEliBERS ELECTED APRIL 19, 192(3 

.Austin, Pnul R., Buckuell uiv rsity, J .. ewisbmg. 
Barnes, Parker '!'., 1 0 Fi·nance Bldg., Philadelphia. 
Cary, Benja.miu F ., Blossburg, 'l'ioga Co. 

ollli1s, ll. H., 1\<!.D., Assoc. P1·o£. Zoology, University of Pittsbmgh, Pittsburgh. 
Croft L. E. Vatsontown. 

Darlington, Rev. James Ir., 321 . Front St., H arrisburg. 
DeWitt Iva I., lOt.U E . Chestnut St., tmbury. 
Engle, J. Harold, J'uninto. College, Huntingdon. 
Ha:rtman, Phil. ll:, 212 W. Second t., Erie. 
Hot·st, Miles, 309 T legrapll Bldg., Thnri burg. 

James, Dr. Alfred P., H.i tory Dept. University of Pittsbmgh, Pittsbmgh. 
Key er, Walter L., Montour ville, R. D. 2. 
Koenig, Paul r ... , 2212 Mark-et , 't., amp llill. 
Kulm, Ulll R., 501 E. Libetty t., Chambersbmg. 
Light Ray H ., Cornwall. 
Manley, Mrs. Beula, 730 Pearl St., Williamsport. 
Miller, L. Paul, Central High School, Sc1·anton. 
Moser, G. Paul, Muir, Schuylkill Co. 
Park, J. 'rheodorc, Selinsgrove. 
Pearson, Robru·t, 2313 . , eeond St., narri burg. 
Phill.i.,ps, J'. bru·l s, 24 . th rton ve., Kingston. 
Rs.y, M:rs. Goo. S., 158 W. th St. Erie. 
Ray, Geo. ., M.D., 153 W. tb t., Erle. 
Reinert, Fretl . I ., 50 E . 4th t., Bloomsburg. 
Reiter, Fraulr li., Dept. Publie Instruction, Harrisbmg. 
Reiter, Geo. F. Bellefonte. 
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Reno, Margarida F., Woman's College, Bucknell University, Lewisbmg. . . 
Roberts, Miss Marjory, High School for Girls, 17th & Spring Ga1·den St., Plnladelplua. 

Ross, Hillis T., 32 S. Second St., Lewisbmg. 
Rothrock, Addison M., Physics Bldg., State College. 
Smith John Hays, Camp Hill. 
Snyde~, Richard H ., 116 E. Main St., Annville. 
Stanford, Richard W., Harrisburg, R. D. 5. 
Strait Geo. B., Mansfield. 
Taylo~, Dr. J . S., Mathematics Dept., Univ. of Pittsburgh, Pittsburgh. 
Tewksbury, Russell B., State H ealth Dept. 
Thomas, Howard F. C., Box 34, Bellefonte. 
Tinkham, Ruth P ., Lititz. 
Wilson, Lillian M., Bucknell Unive1·sity, Lewisburg. 
Yeagley, H emy L ., Physics Bldg., State College. 
Zimmerman, J. A. Ernest, 132 E. King St., Shippensburg. 

The Nominating Committ ee presented the following names for the 

offices of the following year: 

President, N. H . Stewart, Bucknell University, Lewisburg. 
Vice-President, E. A. Ziegler, P enna. Forest SchQ(>l, Mont -:uto. 
Secretary, T. L. Guyton, P enna. Dept. of Agriculture.' Harnsburg. 
Asst. Secretary, M. W. Eddy, Dickinson College, Carhsle. 
Treasurer, H. W. Thurston, Penna. State College. 
Editor, R. W. Stone, Penna. Geological Survey. . 
Executive Committee, W. A. McCubbin, State Dept. of Agnculture. 

Upon motion the Secretary was instructed to cast a ballot in favor 

of each candidate. . 
At the evening meeting of the Academy Dr. Alexand~r Silverman 

gave a most interesting, popular lecture on "Glass" which was very 

h · t d by the members of the Academy, and a vote of thanks muc appreCla e . Th 
· to Dr SI"lverman for his kindness in addressmg the body. e was giVen · . f h 

Executive Committee was empower ed to fix the time and place o t e 

t . An 1·nvitation was received from Dr. Norman Stewart to 
next mee mg. · ld 
visit the Kitchen Creek district in Luzerne County on a summer fie 

trip. 

THE ORIGIN AND UTILIZATION OF THE CAMBRO­
ORDOVICIAN LIMESTONES OF PENNSYLVANIA 

(Presidential Address) 

By BENJAMIN L . MILLER 

INTRODUCTION 

The limestones of Pennsylvania hav Ion,. been important a~sets of 
the State and each year are becomin{J" en more valuable. In the early 
development of the Appalachian region they w re of service to the set­
tlers in a secondary manner mainly. Due to , their ready solubility in 
comparison with the other associated rocks they w·ere r esponsible for 
many of the extensive valleys which were first settled because of the 
fertility of the soil, resulting from the decomposition of the limestones, 
and the ease with which it could be quickly brought under cultivation. 

As soon as the frontiers had been pushed westward from the Philadel­
phia region, rapid pr ogress was made in the development of the great 
fertile limestone valleys of what are now included in the counties of 
Chester, Lancaster , York, Adams, Northampton, Lehigh, Berks, Lebanon, 
Dauphin, Cumberland and Franklin. The next advance westward across 
the mountain ridges brought the pioneet to the equally broad :fertile 
limestone valleys of Clinton, Centr fiffliu, Huntington, Blair aJ1l Bed­
ford counties. Very early in th hi tm·y o£ the at tl1e e valleys tm­
derlain by limestones of Cambro-Ordovician a,.e, contain d m t o:f the 
agricultural inhabitants. 

Not only have the Cambro-Ordovician limestones of P ennsylvania 
been responsible for the development of valleys, but due to their much 
greater thickness and complexity of folding in comparison with the lime­
stones of other geologic periods they have resulted in the formation of 
much broader valleys. 

In a few sections, these valleys, now so thickly populated, were settled 
slowly because the people found difficulty in securing supplies of water. 
Even at the present time, with perfected methods of deep drilling, some 
of the farmers in our limestone sections must depend on cistern water 
and in periods of drought are compelled to haul water from distant 
streams. 

The limestone valleys with their r elatively flat bottoms aided in the 
solution of the transportation problems. Roads could be built in every 
direction with ease, whereas in other sections the highways had to follow 
the larger streams closely or climb steep slopes. With the ·advent of the 
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railroads they, too, experienced little difficulty in establishing· easy grades 
in the limestone valleys and have used them so far as other conditions 
would permit. Towns were built there and these centers of population, 
excluding the anthracite mining towns and Philadelphia and vicinity, 
are the most important in the region lying east and southeast of the 
Allegheny Front. 

With the development of coal mining, Pennsylvania passed gradually 
from an agricultural to a manufacturing State. In this change the lime­
stones have acquired new importance. The early settlers quarried them 
locally to burn for agricultural lime and to build their houses but there 
was no reason for large quarries. Of course the absence of railroads or 
readily navig·able streams would have prevented the building up of any 
large industry in .any one section. However there was not sufficient 
demand. Lime for building and for the soils was needed in limited 
quantities, and as for building stones the State has better material in 
several sections than can be found in the limestones of the Cambro­
Ordovician. In general this is true, although, in a few restricted sec­
tions, some unusually fine marble and limestone for structural purposes 
has been obtained, such as the material long quarried at Marble Hall, a 
short distance northwest of Philadelphia. 

The full utilization of the Pennsylvania limestones was only brought 
about as manufacturing industries requiring the use of limestone were 
developed. These have become so diverse that one can scarcely enumer­
ate them and they seem to" be continually on the increase. The Cambro­
Ordovician limestones have in recent years become a valuable asset in the 
supply of an important raw product needed in the manufacture of a 
variety of products. 

The variability in these limestones has been of extreme value inas­
much as each use is apt to demand a certain quality of stone. To account 
for the variety and characteristics of these limestones it is well for us to 
consider the conditions existing during the time of their formation. 

CAMBRIAN DEPOSITION 

Our knowledge of the distribution of land and sea in the Appalachian 
region during the early Paleozoic era has been obtained by investigations 
of many geologists during the last eighty years. It seems certain that 
there was a rather large land mass that extended in a direction parallel 
to the present coast line, occupying at least a part, if not all, of the 
Atlantic coastal plain and Piedmont plateau as well as part of the sub­
merged continental shelf. This land mass was bordered on the southeast 
by the deep Atlantic Ocean and on the northwest by a broad, shallow 
sea. All except the extreme southeastern portion of Pennsylvania ap-

PLATE X 

....... 

Map of eastern Pennsylvania showing distribution of Cambro·Ordovician limestones. 
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pears to have been covered by this sea at the time of the g·~eatest s_ub­
mergence. Oscillations of the land and sea occurred from tlme to time 
but at no time did the sea entirely disappear nor has any evidence been 
presented to show that it was very deep at any time. . 

Into this sea, pebbles, sand, and silt in suspension and vanous ma­
terials in solution were carried by streams from the adjacent land mass. 
'The suspended matter was deposited mainly ne,ar the shore but occa­
sionally distributed over wide areas by sea currents, whereas the matter 
in solution was distributed throughout the entire sea. Altogether there 
was a surprisingly small amount of terrigenous material deposited in the 
Appalachian Sea, which leads one to believe that the land was not m~ch 
above the sea and hence furnished little material to the probable sluggish 

streams. 
At the beginning of the ·Cambrian when this great inland sea came 

into existence considerable sand and, locally, pebbles and mud were de­
posited near the shore. These deposits are known in differ ent parts of 
the State as the Chickies, Hardyston, H ellam, Weverton, Harpers and 
Antietam formations and consist mainly of sandstones or quartzites but 
locally of phyllites and conglomerates. 

H.owever, after a time the land ceased to furnish to the streams 
material in suspension to any appreciable extent and the sea water be­
came clear. The supply of dissolved material brought in was extremely 
great and puzzles us to account for its source. Calcium and ~agnesi~1m 
compounds were very abundant and furnish evidence t~at still earlwr 
limestones and dolomites were being dissolved in the anCient land area. 

If the calcium and magnesium were all derived ·from decaying crys­
talline rocks the supply of soluble material ·would have been checked by 
the extensive surface accumulation of insoluble materials long before 
enough materials had been carried off to form our great mass of Cambro­
Ordovician limestones. The crystalline rocks furnish only a small per­
centage of soluble matter in proportion to the insol~ble ~ebr_is and th_e 
latter not being carried into the sea probably remamed tn sttn. Ordi­
narily little soluble matter is supplied to the streams except by surface 
and shallow waters, thus leading to the conclusion that extensive pre­
Cambrian limestones and dolomites existed, although rather uncommon 
in our present strata of this age in the Piedmont pla~eau. In ?anada, 
however, the pre-Cambrian limestones of the Grenville formatiOn are 
very thick and widespread. 

While the source of the soluble carbonates is conjectural we can form 
a rather definite picture of the situation existing. The shallowness of 
the sea is proved by the numerous wave and ripple marks of the lime­
stones, the oolites, and edgewise conglomerates, and the occasional ex-

PENNSYLVANIA ACADEMY OF SCIENCE 93 

posure of the calcareous oozes to the drying action of the sun, as evi­
denced by the abundant sun or mud cracks. 

In this shallow sea some agencies were at work resulting in the deposi­
tion of the dissolved carbonates. The idea that prevailed some years 
ago was that limestones were mainly formed of the calcareous skeletons 
of marine organisms, most of which were animals. That the Cambro­
Ordovician limestones of Pennsylvania are not constituted of animal 
remains is shown by the surprisingly few fossils that they contain, far 
less than limestones of similar age in other portions of the country. This 
leads us to seek another cause for the precipitation of the soluble matter. 

Some geologists have argued for chemical precipitation and it is not 
improbable that this was in part responsible. Evaporation of the water in 
local pools to the point of deposition of calcium and magnesium car­
bonates, if not to dryness, probably resulted locally since we find mud 
cracks so commonly. It is doubtful, however, whether this vvas the pri­
mary cause of deposition. No traces of the former existence of the end 
products of evaporation, gypsum and salt, have been found in the lime­
stones. Also if the water had become sufficiently concentrated to deposit 
c11lcareous salts it is doubtful whether many organisms could have lived 
in it. Although, as said before, fossils are very rare, they do exist and 
1 epresent a wide range of forms. 

The explanation that appeals most strongly to the writer in account­
ing for the major portion of the deposition of these limestones is the 
ag-ency of marine algae and bacteria. Investigations by our students 
of marine life within recent years have convinced us that these low forms 
(,f plant life are of great importance in the shallow tropical and sub­
tropical ocean waters. Most of them leave rro trace of their former ex­
istence in the deposits resulting from their action, and especially in the 
elder limestones is such evidence completely lacl~ing. One variety of 
algae is locally abundant in the upper Cambrian deposits. This is the 
Cryptozoon proliferum. J. P. Lesley, former State geologist, did not 
recognize these colonial forms as organic and described them as follows: 
''A very strange, peculiar and entirely mysterious feature of some beds 
is a structure resembling a mass of clam shells closely packed together 
with their rounded sides uppermost.'' 

During the entire Cambrian period of calcareous deposition both cal­
cium and magnesium carbonates were forming. In places these lime­
stones contain only a few per cent. of magnesium carbonate but no in­
stance occurs to the writer where its presence is not readily determined 
by chemical analysis. In many of the limestones the percentage ap­
proaches the theoretical composition of dolomite, 45.61, and a few 
analyses that seem to be reliable show even more than this. In general 
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the Cambrian limestones of Pennsylvania contain from 15 to 30 per cent 
magnesium carbonate. They show wid_e ~ariation within the same sec­
tion and considerable difference even Withm the same stratum. 

It is scarcely the place to discuss the much disputed a~d long debated 
question of the formation of dolomite. Few other geologic I_Uatte_rs h~ve 
received equal attention from geologists and chemists: and w~de drvers1ty 
of opinion still exists. The writer inclines to the VIew, wh~c~1 s~ems to 
be supported by field evidence within the State, that dolomitizatiOn has 
taken place in a variety of ways but that the most common method by 
which the dolomitic limestones of Pennsylvania have been _formed h~s 
been by the secondary replacement of calcareous deposits while_ they still 
existed in the ooze condition. The sea water probably contamed more 
magnesium carbonate than now exists in normal ocean water, as t~e water 
was shallow evaporation consequently was relatively more effective, and 
the marine ;lants were removing the calcium carbonate in larger amounts. 

In different parts of the State the Cambrian limesto~es have been 
determined to aggregate 3,000 to 6,500 feet. Many millions of years 
were required for the formation of such a thickness of these slowly­
fo'rmed rocks. 

ORDOVICIAN DEPOSITION 

There was no marked change in the Appalachian region by which the 
Cambrian period closed and the Ordovician began, an~, in many pl~ces 
where fossils are rare, it is difficult to draw the exact hne of se~aratwn. 
Soon, however, a change took place in the character of the deposits. I~­

stead of a series of medium to high magnesian limestones, there were laid 
down at various times s·ome very low magnesian limestone~, low _enoug? 
in maO'nesium carbonate to permit their use for purposes m which this 
substa~ce is decidedly detrimental. Although with many more or less 
local alternations, there was a gradual progressive change to the _forma­
tion of less highly magnesian limestones. Fossil shells of bracluopods, 
mollusca and other groups also became more abundant in the lo·wer ~tra~a 
of the Ordovician which are included in the Beekmantovvn formatiOn m 
most classifications. This formation varies in thickness from 1,000 to 
over 3 000 feet in various parts of the State. . 

Th~ next change was more pronounced and during this shorter periOd 
throughout most of the State calcareous deposits with a_ mini~um per­
centage of magnesium carbonate and with a gra~lually 1~creas1~~ mud 
content were laid down in many places although m certam locahbe~ no 
trace of this series of beds has been found. These beds known by varwus 
names in different districts vary from 500 to about 1,000 feet. They 
contain in several regions the most valuable and most useful stones for 
present existing industries, as will be described later. 
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Lime tone deJ o ition wa terminated in the upper Ordovician period 
by the influx o£ great a,mounts of mud. In other words, the formation 
of lime tone end d for the tinle and shale were found. 'l'he ambro­
Ord'Ovician limestone-£o1·min epoch te1'nD11ated and milli n · o.f years 
elap ed before condition a ain became favorable .for the e~:ten. ive deposi­
tion of calcareou sediments in the .Appalachian re ion a1.1d at no Jate1· 
p rio l " ere lime tone of equal thicL· e s and extent forlllc<l 

PosT ORDOVICIAN EvENTs 

1\io t of th ub eqnent "'cologie change in the Penn ylva.nian region 
llave little connection with the ubject of thi addre . .A few, lHnvever, 
need to be mentioned. Dru·ing the formati.o11 o£ the thou. and of feet 
of limestone, the floor on whicl1 the sediments were being deposited grad­
ually sanlc beneath the weight of the accumulating load. Se' era! thou-
and feet of ther ediments were laid down on top of the l imestones and 

twice thel'e were great eru tal dis u·banc by ~rhich the origimtlJ hori­
zontal bed. were tln·own into fold. and displaced by faults. Th fir t 
of these movem n1 which came at the clo e of the l'dovieian period has 
b en call d tll Taconic Revolution and the se ond, at or near the close 

·of the Carboniieron period i known as the .Appalachian Revolution. 
These clistl.U'bances profoundly chanl7ed the phy. ical character of the 

limestone sediments. Tl1e wei ht of the overly.ing dilnent ancl the 
forcinl7 of the alcareou strat~ downwa1•cl into a, more hio-l1ly heated 
region, by them ·elves would have re. tilted in th eon olidation and 
cementation o tl1 oozes, but tl1e gr . at c mpres ive forces durin I)' th 
folding still further altered them. In en ral tho tre. w re greate t 
in the sou thea t and became p1·o re. ively les. towat 1 th n rtbwe t. 
, lo ed and ov rturned fold and thru t fauJ occur all throuo-h the 

folded tcgion but are more abundant in the outhea tern di h·ie1ts. 
ry tallizatiou and the developn1ent of many new min ral. by l'e­

combiuation of the chemical con iituent · p1·e cnt re ult cl wh.er tb com­
] r . 'ive force~ were uffici ntly reat and the otb .,. factor , . uch a.. heat 
and 1\ ater, were active. The ptire lin1e~ton . of tb ,h . ter, J.Jancaster, 
an<'l York valley a well a some other lo al ities, were converted into 
medium to oar e grained mm·b1 ; th ma ne ian limestone wer cl·y -
tallizecl but never in oar. ely .gl'anular marble · and the lim tone with 
impm·iti shad many new minerals formed . In tl1e Lelligh nlley reo-ion 
tl1e ar17illaceou · linle tone developecl 0'1' at amount of sericite mica 
which, iiJ place. l.ta prodnced laty cleavage. 'l'h individual piec , of 
ericite there arc very fu1 o that the:Y can no readily be di. tingui hed 

by the naked eye. On the other hand in the he ter alley where the 
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compression was much more intense, similar ori~inal s~diments ~vere 
changed into decidedly micaceous limestones, the miCa particles defimtely 
arranged into bands. . 

The second important result of the folding· is concernec~ With the 
present distribution of the outcropping limestone strata. Buned as they 
were by several thousand feet of other rocks they would have appeared 
at the surface only along the shore edges in narro·w band~ or by ~he 
removal of most of the overlying mass by erosion. The foldmg, by hft­
ing the beds, assisted in the work Qf erosion which has now exposed the 
same limestone beds in many places. The numerous and repeated ex­
posures of these limestones in various ~imestone valleys is due to these 
disturbances. They underlie that portiOn of the State west and north­
west of the .Allegheny Front, but, as gentle folding alone has taken pla~e 
there, these limestones have not been sufficiently elevated to p~rm~t 

erosion to uncover them. .As erosion practically ceases when a regiOn IS 
worn down to sea level and these limesbones in that section are far below 
the level of the sea they can not even be uncovered by erosion until there 
has first been a great uplift of the region. 

UTILIZATION OF 'l'HE PENNSYLVANIA CAMBRO-ORDOVICIAN 

LIMESTONES 

Uses based on physical characte1·istics: To a considerable degree th~re 
is a very close relationship between the chemical and physical prop~rtres, 
as will be more fully described later. Disregarding· this co~~ectr~n I 
wish to briefly describe the uses to which the Cambro-Ordovician lime­
stones are suited on account of their physical characters. 

The first use was for buildings, a use to which they are still put, but 
in decreasing amount. Limestones for building purposes should be 
regularly bedded and have few joints O'l.' cracks, and thos~ regu~ar .. Ir­
regular and uneven bedding and numerous joints wit_h. vari~us drrect10ns 
have in most places rendered the Cambro-OrdoYICian limestones of 
Pennsylvania of minor value for structural purposes. 

Since the recent extensive permanent road building program has been 
under way 'these limestones have been quarried in scores of places for 
road metal. They are also used as crushed stone in concrete structur~s 
of all kinds. For these purposes limestones are most commonly used, rf 
obtainable, on account of the ease with which they can be crushed and 
also the binding properties of the rock powder resulting from the stone 
being ground under the road traffic. . . 

Only the best of the limestones can meet the State Hrghway sp~cr~­
cations for hardness and resistance to wear. In scores of places wrthm 
the State, however, the siliceous and highly magnesian limestones of 

PENNSYLVANIA ACADEMY OF SCIENCE 97 

Cambro-Ordovician age are entirely satisfactory and .they have been 
extensively used locally and shipped to other portions of the State and 
to other States. The supply is almost unlimited. 

In recent years there has been an increasing demand for inert min­
eral substances as fillers in the manufacture of various products. Pul­
verized limestone has been used extensively in this way, especially in 
asphalt paving mixtures. Limestone free from quartz or chert is de­
sired on account of the increased cost of gTinding these hard substances. 

Uses based on chemical characteristics: The present industrial demand 
for limestoucs is a product of rather r cnt development. Limestone, or 
product ma from limestone, enter into 1he manu:fa ture of so many 
ar ·icles tl1at it is not possible to con ider ev n briefly mol'e than a small 
lHtmlJCl'. 

In general the demands are for the following classes of stone : 

1. High calcium limestones containing a minimum of other constituents. 

These are most valuable for the production of high grade lime re­
quired in the manufacture of various chemical products. There is also 
a demand for this variety of stone in the manufacture of special kinds of 
cement and for u e in the manufacture of ordinary Portland cement, 
wh re th bull< of the stone used is too low in lime and must be brought 
up to tJ1e required percentage by the addition of pure limestone. The 
two important regions within the State wh~re stone of this kind is exten­
sively quarried are in the Nittany Valley, near Bellefonte, and in the 
r_,ebanon Valley. In both places it is a part of the upper Ordovician 
limestones. The State's supply of this stone is limited and the demand 
is increasing. 

2. Low silica limestones, preferably low in magnesium carbonate. 
This type of limestone is in demand for flux. The lower the silica 

content the better. l\1any fluxing limestones of poor quality are utilized 
because in many instances it pays to use poorer grade material close at 
hand, and hence cheaper, than to ship in better stone. 

This same type of limestone has lmig been used for the manufacture 
of lim for agricultmnl and other ordinary purposes. This variety of 
stone ha be n quanied in almost every place where the Cambro-Ordo­
vici:m limestones a1·c Pl'esent. 

3. High magnesian limestones (dolomites), low in silica. 

.A recent industry has developed in Pennsylvania in which magnesia 
is separated from our dolomites containing more than 40 per cent mag­
nesium carbonate. So far only Cambrian dolomites of the Chester Valley, 
in the vicinity of Conshohocken, Norristown and Valley Forge, have been 
used for this purpose. 
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The same type of magnesium limestones, but in which ther~ is not ~s 
firm insistence on the actual amount of magnesium carbonate, IS ~sed m 
the open hearth steel furnace. Stone for this purpose is present m Lan­
caster and York counties. 

4. Argillaceous limestones, low in mag·nesium carbonate. 

These are the limestones so extensively utilized in the Lehigh Valley 
in the manufacture of Portland cement. Several companies in .that dis­
trict have quarries in which the stone has almost the exact chemical c~m­
position for making standard Portland. cement .. Others mus~ add h~gh­
grade limestone brought from other sectw~s. ThiS t~pe stone Is not wide­
spread within the State but is ample withm the Lehigh Valley to supply 
the present mills for a hundred years ?r. more. . . . . 

Other divisions of limestones, contammg clefimte limits of the va.rwus 
constituents, all needed for particular purposes, need n?t be mentiOned 
in this address. The types described illustrate the varied ~haracter of 
the Cambro-Ordovician limestones and the purposes for whiCh they are 
especially adapted. 

PROSPECTING FOR VARIOUS TYPES OF LIMESTONE 

As the chemical 1malysis of limestone is expensiye and requires time, 
attempts have been made to locate stone of the required kind with a mini­
mum of chemical analyses. Considerable progress has been made, 
although most geologists feel that they must check their field determina-
tions by occasional analyses. . 

Our knowledge of the geogTaphic and geologic distribution of various 
kinds of strata as explained under "Origin" is first used. We do not 
seek argillaceous or low magnesian limestones among the Cambrian rocks 
nor high magnesian beds· in the upper Ordovician .se~ies. Some types 
however have a rather wide distribution so that It IS well to search 
through~ut the limestone areas for them. 

The aro·illaceous limestones are readily recognized by their clark 
color when"' not strongly metamorphosed or by the abundance of mica 
where they have been subjected to great compression and resultant 
breaking. . . 

The low mao-nesian limestones are soft and easily broken m compari­
son with the hi~hly dolomitic ones, so that a geologist can with practice 
rather closely approximate the magnesian content by the hardness ~nd 
toughness of the stone ·when struck with the hammer. The magnes~a.n 
stones are also finer grained and more compact than the less dolomitic 
ones of the same region. A slightly buff or cream color is also common 
among the dolomitic varieties. 
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Wl1en weath r d . urfac are a va.i labl th i tinction ' hetwecn high 
and low magn sian limestone' can readily be mad . The latter contain 
nuruet·ons . traio-h cracks rmuring in al~ dhections, alono- whiclt vein 
material ha commonly I eeu depo ited in layer o extremely thin that 
the fr hly brol·en urface carcely indicates th ir e>d ·tence. On bein )' 
exposed to the weathering agents th e era ks £w·ni h acce to djssolv­
ing fluids and the weathered surface of the rock looks as though some 
one had hacked the stone with a steel cutting implement. 

The dolomitic limestones likewise have many more gash veins of quartz 
and calcite than do the purer limestones. There is also a greater amount 
of quartz in the Yein fillings of the dolomites. 

~~ hc.re weatheri.n has .Pl'O"'l' ed downward to considerable depth 
the dolomite iu various pla appear to be shattered as though by a 
bla t f dynamite. One JUarry near Lancaster in the highly dolomitic 
lime tone region was, at one time, worked for road metal by means of a 
steam shovel without any blasting. 

The highest grade limestones, composed almost entirely of calcium 
carbonate, can be located in certain regions by sink holes and caves due 
to their ready solubility. In such instances outcrops are apt to be few. 

All of these short cuts to the determination of the chemical compo­
sition of limestones by means of physical characteristics are useful, but 
must be used with care, as the most expert geologists in this line occa-
sionally go astray, especially on entering a new region. -

CoNCLUSIONS 

The Cambro-Ordovician limeston of Pcm1 ·ylvania have l0l1g been 
recognized as a valuable asset to the tat but then: value i continually 
on the increase as the State continue to develop indu trially. .Althou"'h 
we have accumulated a great deal of u e.C-ul information concerning them, 
much more is desirable. In this inve. t] ation the tat can carcely b 
expected to bear the expense, as the cost of minute field work and of 
hundreds or thousands of chemical analyses is almost prohibitive. In­
dustrial concerns who require definite types of limestone in particular 
districts are taking the lead in these detailed investigations. The work 
of the geologists is to collect and preserve this information as it is fur­
nished by the companies and made available for public use. Most of the 
firms using Pennsylvania limestones have been generous in supplying 
the much needed data. 
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PENNSYLY ANIA BUILDING STONE 

By R \Y. STONE 

Pennsylvania produces several kinds of building stone, all of which 
have proven their durability by use. Houses built of native stone a 
century ago are evidence in many parts of the State that any of these 
stones will last for hundreds of years. Granite gneiss has been quarried 
ncar Media since 1785 and a house built of this stone at Leipen-ille in 
that year shows no deterioration of the granite. Mica schist is quarried 
extensively in the Philadelphia district. The Bryn Mawr College build­
ings are a good example of its use. Radnor Friends' Meeting· House, 
built of schist in 17] 8, is still in usc and the stone in good condition. 

Trap, or so-called black granite, quarried at several places in the cast­
ern end of the State is imperishable but makes a very somber-colored 
building. 

Granite is quarried at Seisholtzville and makes a very attractive pink 
building stone of great durability. Several churches in Allentown, 
Bethlehem, Reading, Sunbury, Harrisburg and other eastern cities are 
excellent examples of its use. 

Limestone houses are common in the limestone valleys and many of 
them show no deterioration of the stone after a century and a half. 

Brownstone from Hummelstown and other quarries in the Triassic 
belt is thought by some to be too soft to stand exposure long but the 
Mordecai Lincoln house, near Birdsboro, built in 1733, Boone house, 
1730, and old Swede house, built in 1716, speak for its durability. 

Marble formerly quarried at King of Prussia and used extensively 
in Philadelphia is but little used now, and slate in the Bangor, Slating­
ton and Delta areas has been little in demand as a building stone, al­
though it is abundant and durable. The color and difficulty of dressing 
are against it. 

Sandstone occurs in all the State from Delaware \Vater Gap and 
Harrisburg to the western boundary and has been used successfully in 
important railroad bridges, abutments, tunnel facings, and in many 
houses, particularly throughout the country districts. The sandstone 
varies from very hard and light gray to soft and greenish, and all of it 
has lasting qualities. 
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THE "IONICS" OF THE COOLIDGE X-RAY TUBE 

By MARSH \V. WHI'l'E, H. L. YEAGLEY and A. l\:L ROTHROCK 

Physics Depa.rtment, The Pennsylvania State College 
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The inv ntion of the now uni r ally u ed Coolidge -.ray tube has 
been. hailed a an evel'tt which was to put an end to all of th tempera­
mental qualitie of the older type of o-cnlled "gas" tube. One of the 
major dlffereucc in the two typ of tub i the fact that in the '' ga ' 
~1be the action of posith7e gas ion plays a mo t impm·taut part, wher a 
1t has nh ay been suppo ed that their effect in the "gas-fl.· e ' 'oolidge 
tu?e .i nth·ely negli(l"ible. It i the purpo e of tlli papet' to how that 
tlus 1 not ncee arHy tru . Experiment made ,viih var)ou. · Coolidae 
tubes of different c1 il:ms have all shown the p1·e enee of sl1aa:p breaks in 
the current-voltaae curv · s wbe11 the tubes war operated at constant fila­
~ent temperatu.re . The. e breaks are a crilJed to the action o positive 
10u , probably liberated by the action of electron "reflected ' from the 
tarn-et of the 1be.3 Such ion can e a neutralization of the nc ·ati •e 
spac charae neal' the cathode. Thi give ri e to the suld n increases 
of current noted in the experiments, rangin"' from 100 to 400 er cent 
for different filament tempe~·atures . 1'he breaks in the em-rent-voltage 
cmves app ar at about 2,000 volt for tubes with both molybdemun a11d 
twto· ten water-cooled anodes. The hreak :fo1· a mu r. al '' tube 
appear a,t a _potential difference of about 6,000 volt. . .As th Yoltagc is 
gradually reduced below these "break-down potentials," the current 
docs not drop uddenly at the breakcl,awn voltag , but fu lls off rather 
lowly as the -volta"'e i low red until a potential differenc . e>f about 300 

vol:s i. reached, when th current suddenly d1·op agait1, to the value 
wlu h l.t had on ~he curve of :increa ina- voltao-e. It i. a :ignificant :fa t 
111at tins volta"'e 1 about the vatu for tl1 maximum Jli. ien :v of ioniza-
ti<m of .,.ases. · 

A CHEMICALLY ACTIVE l\10DIFICATION OF NITROGEN 

By GERALD WEND'l' 

Pennsylvania State College 

(Abstract not received.) 

1 Ham and White, Physical Ret•iew, Vol. 27, p. 111 (1926); also Yo!. 2·7, p. 510 
(1026). 



102 PENNSYLVANIA ACADEMY OF SCIENCE 

APHIDS ATTENDED BY ANTS IN PENNSYLVANIA 

BY T. T.1. GuYTON 

Penna. Depwrtment of Ag?·im!ltt!re, Btweat! of Plant IndustTy 

It has long been known that species of the Family Aphididae are 
cared for by certain ant species. In fact, the story of ants and their 
aphid "cows" has almost become classic. In a study of the aphids of 
Pennsylvania the writer has made numerous collections from time to 
time, and in making these collections has taken the ants which were found 
attending the particular species of aphid. These ants were killed, 
mounted on pin-points, and were given numbers which corresponded to 
the number of the aphids which were collected. This collection has 
extended from 1918 up to 1925. In this time nineteen species of ants 
have been collected and thirty species of aphids have been recorded as 
being attended by ants. Appended to this paper is a list of the ants 
together with the aphids they were attending; also, a list of the aphids 
which were attended by ants. 

Various relations were noted in the care given to the aphids by the 
ants. In certain groups the ants had construed covers over the aphid 
colonies. These covers were composed of bits of organic matter, espe­
cially leaves and stem, together with soil. These covers, of course, were 
on colonies above ground, and usually on colonies in close proximity to 
the ground. The greater number of colonies of aphids above ground 
attended by ants were in no way protected, excepting in a few such forms 
as the cherry ' aphis (Myzus cera.si), where the aphids themselves had 
formed gall-like coverings by the twisting of the leaves. 

It has long been known that in some subterranean species the aphids 
are dependent upon the ants for their existence. This relation has been 
worked out for the corn root aphis (Annmphis rnaidi-mdicis). With 
this species the ants are constantly in attendance; even the egg's of the 
aphid are tended through the winter. Dispersal from plant to plant is 
for the most part by the ants actually carrying the aphids. It is believed 
that .other species are also dependent upon ants for their dispersal from 
plant to plant. In a recent communication from a worker in Ohio a 
statement was made that the common root louse of lettuce (Prociphilns 
m'igeronensis) is dependent upon ants for their dispersal, and probably 

·the species is cared for throughout the entire life cycle. This species is 
frequently found in ant nests in the winter time. The writer in exam­
ining many hundreds of colonies of the peach root aphis (Antwaphis 
persicae-niger) has never found a colony which was not attended by ants, 
and it seems to be- always the one species of ant in attendance. This 
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species is l~OW11 as La-sittS nige1· var. neoniger. The life history of this 
plant louse 1 • not -well under tood, but it is the writer's belief that this 
species is another with a lif eycle very closely tied up with that of the 
attending ant. 

A LIST OF APHIDS ATTENDED BY AN'l'S IN PENNSYLVANIA 

A noecia comi 
Lachnus sp. 
Tmma tmglodytes 
Patchia virginiana 
Chaitophorus qum·cicola 
Chaitophoms viminalis 
N eothomasia pop1•licola 
Melanoxanthen!m media 
M astopoda 11tm·idis 
Aphis asclepiadis 

Aphis illinoisensis 
Aphis urticaria 
Aphis ?'umicis 
Aphis CO?'nifoliae 
Aphis salicicola 
Aphis cephalanthi 
Aphis hemclella 
Aphis vernoniae 
Aphis epilobii 
Aphis diervillacola 

Aphis oenotherae 
Aphis cornifoliae 
Anuraphis maidi-mdicis 
Anm·aphis middletonii 
.Anuraphis pe1·sicae-niger 
Myzus oerasi 
Myzus plantaginensis 
Eriosoma americana 
Prociphilus m'igermwnsis 
P1·ociphil1!s alnifoUae 

LIST OF ANTS ATTENDING APHIDS IN PENNSYLVANIA 

Cam.ponot1.s heroolean1.s ligniperdus var. no·veobomcen.sis Fitch. 
Prociphilu.s alnifoliae, Hartstown, June 21. 

Camponotu,s herculeanus sub. sp. pennsylvanic1ts DeGeer. 

Chaitophoru.s vimvnaUs, New Cumberland July 5. 
Aphis cornifoUae, Inglenook, May ~1. 
Lachnus sp., Loretto, August 25. 

Camponotus herculean1t.s pcnnsylvanicus var. fermgineus Fabr. 

Chaitophm·t.s quercioola, Bowmansdale, July 2. 

C?·ernatogaste?' lineolata Say. 

Aphis cephalanthi, 
Aphis epilobii, 

CTematogaster sp. 

Myzus plantagine1ts, 

C1·ematagaster &p. 

Mastopoda p·teTedis, 

Harrisburg, June 19. 
New Bloomfield, July 12. 

Bowmansdale, Sept. 18. 

Hunter's Run, Sept. 2. 

DolichodeT1.S taschenb el·gi var. atterim1ts Whir. 

Aphis oenotheme, Hunters Run, Sept. 2. 

Formica ft.sca var. sHbse?·ioea Say. 

Pa.tchtia virginiana, 
C hmit 0'[1 or us qu er cico la, 
Myzus cemsi, 
Aphis spiraephila, 
Aphis veroniae, 
N eothomasia. pop1~licola, 
Anoecia co1·ni, 
Aphis rumicis. 

N ew Bloomfield, July 12. 
Inglenook, July 1. 
Harrisburg, June 27. 
Morrisville, July 8. 
Dromgold, August 17. 
North East, July 20. 
Harrisburg, October 23. 
0hoTVlh.o.uo...h .._, ... ,_ T • • -- .,,., 
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Formica fusca var. 

P1·ociphilus alnifoliae, Hartstown, June 21. 

Formica sangumea var. subintegra Emery. 

Aphis urticaria, Manada Gap, August ill. 

Formica tnmcicola subspecies obscnnventris. Mayr. 

Neothomasia populicola, Bowmansdale, June 20. 

Lasi11S claviger Rogers. 

Prociphilus e1·igeronensis, 

Lasius niger var. ameTioanus Emery. 

Myzus plantagine1ts, 
Eriosoma americana, 
Aphis heraclella, 
Aphis iUm·villacola, 
Aphis rumiois, 
Aphis heraclella, 

Lasi1ts nige1· var. nconiger Emery. 

A nwraphis mQ;idi-radicis, 
Aphi.s Tmniois, 
Trama t1·oglodytes, 
Aphis illinoisen.sis, 

Lasi?ts latipes ·walsh. 

P1·ociphihts erigcroncnsis, 

Chambersburg, September 10. 

Bowmansdale, September 18. 
New Bloomfield, May 24. 
Harrisburg, September 5. 
Inglenook, M::~y 21. 
Harrisburg, September 14. 
Perry County, July 16. 

Nol'th East, .July 10. 
Rockville, Juae 10. 
Ca,mp Hill, September 19. 
Enterline, July 15. 

Dauphin, April 27. 

Lasi1ts 11mbmtus mixt11s var. aphidioola Walsh. 

PTooiphil1ts eTigeronensis, Inglenook, July 4. 

My1·mioa scab1·inodis var. 

Aphis oenotherae, 
Hysteronem·a setariae, 

Prenolepis imparis Say. 

Aphis 1·umiois, 

Pine Grove Furnace, May 26. 
New Germantown, September 7. 

Chambersburg, September 24. 

These lists are not complete, but they are given with a hope that some 
interest may be aroused in this interesting relation of one insect to an­
other. That this relation has an economic bearing is evidenced by the 
fact that in the corn belt of this country the matter of controlling the 
corn root aphis is very largely a matter of controlling the ant which 
attends it; and it may be that, when the relations of ants and certain of 
our aphid pests are better kno·wn, such control will be found practical. 

The author is indebted to Mr. l\1. R. Smith, University· of Illinois, for 
ident~fication of the ants. 
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NO'l'ES ON THE AMPHIBIA OF PENNSYLVANIA 

By N. H. S'l'EWART 

(Abstract not submitted.) 

A ~'IETHOD OF TEACHING COMPARATIVE OSTEOLOGY 

By LOUISE CURTISS 

(Abstract not submitted.) 
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THE RANGE-LilVIITS AND l\IIGRATIONS OF CERTAIN PLANTS 

IN WESTERN PENNSYLVANIA 

By 0. E. JENNINGS 

Um'vm·sity of Pittsbm-gh 

Since the retreat of the continental glacier, possibly 75,000 years ago, 
pl~nts have been migrating northwards, although remaining behind in 
smtably colder habitats here and there, particularly on the higher plat­
eaus and mountains of Pennsylvania. Different species move at different 
rates: small winged seeds (poplar, birch, pine) rapidly; large heavy seeds 
or fruits slowly (walnut, oak). Longer growing seasons prevail in south­
western Pennsylvania and along Lake Erie, relatively very short seasons 
on the high plateau in McKean and Potter counties alonO' the northern 

. 0 

middle border of the State. Papaw (Asimina) occurs half-way up the 
State from the south and also along Lake Erie; white oak has not yet 
capped the plateau dome of lVIcKean and western Potter counties. 

Notwithstanding the relation of plants to the ecological factors of the 
environment, there is in Pennsylvania evidence of mio-ration still takino' 

. b b 

place followmg the retreat of the ice of Glacial Times, and emphasis 
should be placed on the importance of historical factors also. There is 
~enetration of more northern vegetation by tongues of southern vegeta­
tiOn along lower valley soils, as, for instance, the persimmon along the 
Susquehanna valley. There is persistence of local areas of northern 
plants (sphagnum-tamarack bog· flora) ; and the maps of distribution 
indicate entering wedges of the Ohio Valley flora into the southwestern 
~art of Pennsylvania, apparently coinciding with areas of longer grow­
mg s:ason and possibly indicating that these changes are due to a change 
of climate to drier warmer conditions, favoring the broadleaf deciduous 
forest of the interior at the expense of the coniferous forest of the 
northeast. 
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COLOR-PATTERN REGULATION IN THE VERMILION 

SPOTTED NEWT (TRITURUS VIRIDESOENS) 

By H. H. CoLLIN's and C. F. FENCIL 

(Abstract not submitted.) 

REGENERATION OF THE INTEGUMENT IN THE VERMILION 

SPOTTED NEWT 

By BESSIE DICKERSON 
University of Pittsburgh 

The experiments and observations were made in an attempt to deter­
mine and describe the phenomena of regulation as manifested in the 
origin of the new tissue formed in the process of wound repair. and to 
find out, if possible, the underlying factors which cause the epidermal 
cells to spread over a wound surface. The problem was studied both 
from an histological standpoint and from gross observations. 

The following conclusions were reached : 

1. The removal of integument in the vermilion-spotted newt is fol­
lowed by a rapid movement of the epidermis over the denuded area. The 
dermis, while it is much slower in repair, is finally restored to the normal 
condition. The glands are also restored, but at a much later stage than 
the outer parts of the integument. 

2. The stages in the healing of a wound are : (a) a sliding of the 
epidermal cells from the edge of the wound into the denuded area; and 
(b) epidermization· or proliferation of these cells. 

3. The epidermal cells around the edge of ·the. wound seem to be 
pushed out over its surface by pressure exerted at some distance from 
the edge where there is proliferation of the cells by mitosis. There is no 
evidence of any cell division at the edge of the wound. 

4. The melanophores for the formation of the new spots in the regen­
erated tissue come from the surrounding dermal spots and also from the 
peritoneal pigment. 

5. It takes a period of about four months for an injury to the integu­
ment of an animal to be restored to the normal condition. This of course 
does not take into consideration the physical condition of the animals 
which affect the rate of growth of the new tissue. 

6. The normal condition is finally attained when the yellow color 
appears in the integument and the spot pattern is reproduced. 
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ABSORPTION HAIRS OF THE PEANUT1 

By R. A. wALDRON 
Dept. of Biology, Slippe1·y Rock No1·mal School 

The peanut plant, little known or grown in Pennsylvania (although 
there is a quick maturing variety which could be raised with profit), 
seems, upon investigation, to be one of the most interesting members of 
the plant w rld. It i 110t only a most valuable food plant for man, 
anima 1 an :1 plant th m elv , but is most unusual in its structures and 
habit of growth. For example, aft r the outer flower parts drop it pro­
duce fruit-t:he so-called peanut- by pushing its central pistil, appear­
in like a small pointed tem )nto the soil, and immediately the now tiny 
fruit appears as a peanut-shaped swelling at the tip; this now loses its 
outer skin (epidermis) in order that the subjacent tissue may produce 
an abundant mass of delicate hairs which are used as are normal root 
hairs for absorbing water and the soil food solutions. Many such fruits 
appear on a single plant and the absorbing ability of the fruits is such 
that the true roots may be severed and the plant as a whole continues 
growth. The young hair-covered fruits and their stems become the food 
assimilators. The stems bearing the peanuts are also hair-covered-i.e., 
those parts which are beneath the soil, and it is thought that these also 
aid in assimilation. 

Another interesting discovery is that, contrary to expectation (the 
peanut plant having been reported to hav no ·o t bah· ) normal absorb­
ing root hairs were found near the tips of young v.i Ol'Ou rootlets, under 
certain conditions. There were also found ro ett -like whorls of hairs 
at the base of newly formed rootlets where these join the older roots. 

It seems that nature has made abundant provision, in the case of the 
peanut, for absorption of water and food-this latter in water solution. 
If one set of hairs fails another is made available. The peanut loves a 
dry sandy soil and in or~er to obtain proper amounts of foods in such, an 
abundance of hairs, which increase absorbing surfaces, would seem essen­
tial for a plant such as this. 

MORPHOLOGY OF THE AMERICAN DOG TICK 

By GEo. ZEBROWSKI 
Villanova College 

(Published in Transactions of the American Entomological Society, 
1926, Vol. 51, pp. 331-369.) 

1 Waldron, R. A. The P eanut-Its History, Histolog-y, Physiology and Utility. 
Contributions University of Pennsylvania, 1918. Pp. 301- 338. 
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EVOLUTES OF THE PARABOLA 

By Jos. B. REYNOLDS 

It is the purpose of this paper to prove the following propositions 
concerning the parabola and its evolutes. 

I. · All evolutes of the parabola are symmetrical with respect to the 
axis of the parabola. 

II. Every evolute of the parabola of odd order has one cusp only and 
it lies upon the axis of the par~bola. Evolutes of even order 
have no cusps. 

III. The curvature of the evolutes of the parabola at corresponding 
points decreases as the order of the evolutes, increases. 

IV. The curvature of each evolute is greatest where the evolute crosses 
the axis of the parabola. 

V. Each evolute of the parabola of odd order has a point in common 
at its cusp with the evolute of next higher order at its vertex. 

VI. The cusps on all evolutes of the parabola of order 4n + 1 lie within 
the parabola and those of order 4n -llie without the parabola. 

VII. , The vertices of all eYolutes of the parabola of order 4n + 2 lie within 
the parabola and those of order 4n lie without the parabola. 

VIII. The vertices of the evolutes lie at increasingly greater distances 
from the vertex of the parabola. 

IX. All evolutes of the parabola of odd order are concave towards the 
tangent at the vertex of the parabola. 

PLATE XI 

sz 
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X. Evolutes of the parabola of even order beginning with the second 
have concavity alternately opposite and in agreement with that 
of the parabola. 

Let the equation of the parabola be 

(1) r 0 = at2i + 2at j, 

the ve~tex bei~g origin, the axis of the parabola and tangent at the ver­
tex bemg the 1- and j-axes, respectively. Then a vector tangent to the 
?arabola is t i + j and a vector normal to the parabola is i-t j. \V:hence, 
1f for a general evolute we write 

(2) r1, =F1,i + Gkj k = 1,3,5,---

the next following evolute rk+l will be given by the envelope of the nor­
mal, n, to rk or of 

n= (F~c+st)i+ (Gk+s)j. 
For the envelope 

dn/ dt = (Fk' + s + t ds/ dt)i(G1/ + ds/ dt ) j = 0 

in which the primes indicate derivatives with respect to t. From this 

giving 
s =tG/ -F/, 

(3) rk+1 = (Fk+G/t"-F/t)i+ (G~r+G/t-F/)j. 
Since F 1/t =- G/ 

( 4) rl,+l = [F],- t(F + 1)F/J i + [Gk- (F + 1)Fk'] j = Fk+
1
i + G

1
,+

1
j. 

The next following evolute will be given by the envelope of the nor­
mal, n" to r 1,+1 or of 

giving 
(5) 

111 = (Fk+l + s)i + (G1<+1 - st ) j 

r~r+2 = [Fk- 4t(F + 1)Fk'- (t" + 1) 2F/']i 

+ [Gk- (1- 2t"- 3t4 )F/ + t(F + l) 2F/']j. 

Applying formulas (4) and (5) successively to (1) we find 
rl = a(2 + 3t2 )i- 2at3 j 
r 2 = a(2- 3F- W)i- 2at(3 + 4t2)j 

(6) r 3 =- a(4 + 33t2 + 30t4 )i + 2at3 (1l + 12F)j 
r 4 = a(4- 33t2 -156t4 - 120t6 )i+ 2at(33 + 104F + 72t4 )j 
rs =a (62 + 723t" + 1500t4 + 840t6 )i- 2at3 (241 + 600t2 + 360t4)j 
ra = a(62 -723F - 5946t4 -10200t6 - 5040t8 )i 

- 2at (723 + 3864t2 + 6120t4 + 2880t6 ) j. 

Using s/ = ds1/dt = (dr1/dt) 0, the subscript zero indicating absolute 
value, we find for the derivatives of the arcs s s s - --0' u 2' 
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ds0/dt == 2a(1 + P)l 
ds1/dt = 6at(1 + tz)l 
ds /dt = 6a(1 + 4t2) (1 + t 2 ) 1 

2 2)l dsJdt = 6at (11 + 20t2) (1 + t 
ds /dt = 6a(11 + 104t2 + 120t4) (1 + tz)l 
ds 4/dt = 6at (241 + 1000tz + 840t4) (1 + t2) l 
ds:/dt = 6a(241 + 3964t~ + 10200t4 + 6720ts) (1 + tz)i. 

L tt. R R R - - - be radii of curvature for the parabola and 
e mg o• 11 21 • 1 d /dt 

its successive evolutes we find, since R.k is proportwna to ~ 
R.1 == 3tR0 

R.2 == 3 (1 + 4t2 )R0 

(8) R 3 == 3t(ll + 20t2)Ro 
R4 == 3 (11 + 104t2 + 120t4 )Ro 
R 5 = 3t(241 + lOOOP + 840t4 )Ro 
Ra == 3(241 + 3964t2 + 10200t4 + 6720t6 )Ro. 

Since R is at no point zero Rt<+1 is at no point zero and has its least 
1 t t _

0

0 and has equal values for equal absolute values of t. Also, 
va ~e a -f 't - 0 but at no other place as revealed by lack of change of Rk IS zero or - , 
. . the functions of e in the parentheses. signs m 

From (4) 

(9) ' --t[(t2+1)F "+3tF/]i- [3tF/+ (t2 +1)F1t"]j rk +1 - It , 

and from (5) 

1)F , (t2 + 1)2F '"]i r' =-[3(1+F)Fk'+8t(t2+ It+ k ,, . 
(10) t•+2 i-t[3(1+4t2)Fk'+8t(t2+1)Fk"+ (t2+1)2F" ]J. 

f t (4) and (5) show that Ft, Since F contains only even powers o ' . l 
co~tai~ only even powers of t. Again since Gl contams on y 

and F k+1 d G contain only odd powers of t; therefore every 

~~:l:;ew~;s t~e t~:;a~:la i~1 symmetrical with respect to the axis of the 

parabola. 
By (9 and (10) 

(11) s' ==[3tF'+(t2+1)F"](1+tz)l "' 2l 
(12) s:':~ == [3 (1 + 4t2) F' + 8t (t2 + 1) F~<" + (t2 + 1) 2FI, ] (1 ~ t ) . 

. . f (9) (10) (ll) and (12) sho·ws that, smce Fl con-
An mspectwn o , ' . , t ·ns only 

tains only even powers of t with positive d~rivatlves, sit +1 c:n ai. h for 
of t with real positive coefficients and canno vams 

e'Ven powers f L'l . ' contains only odd powers of t and must 
real values o t. I rewise sk +2 evolute 

. h f t- 0 but for no other real value of t. Hence every . 
varus Or - ' d · t 1' n the aXIS of the parabola of odd order has one cusp, only, an I Ies upo 
of the parabola and evolutes of even order have no cusps. 

Again, 
(13) 

and 

PENNSYLVANIA ACADEMY OF SCIENCE 111 

(14) Rk+2 == [ (1 + 4t2)Fk' + 8t(1 + t 2 )Fk" + (1 + t 2 )F
1
/"]R

0
/2a. 

If Fk' i. . a l'iltional int o-ral algebraic function of odd power of t with 
real positive coefficient the bracket in (13) is a rational integral algebraic 
function of even power o.f t with real po itive coefficient and o£ a power 
one hjooher than F/, and the bracket in (14) i · a rational integral £unc­
t ion o£ odd powar o:f t and o£ a power two higher than F /, with real 
po itive coefficient each of which i greater than the coefficient of the cor-
1' paneling power o£ tin F\/. 

ince F/ is a 1'ational integral algebraic function of odd powers of t 
with 1·eal positive coefficient F 3, F 5, ----- Fk are the same kind of 
functions with increa ingly higher powers of t and larger corresponding 
co fficient . Hence the ratio 

(15) R~r+2/Rk == 3 (1 + 4t2) + 8t(1 + F)F/'/F k' + (1 + F)Fk"'/Fk' 

is an even function always greater than 3; that is, the curvature of suc­
ceeding odd evolutes decreases for a given value of t. In like manner 
on can proYe the same true for even evolutes for t 2 > 0. 

ince R 'k+l i a function of t 2 with positive coefficients, and R~r+2 is 
t times a function o£ t

2 
witll1 o i ive coefficients, each is evidently numer­

icalJy g1·eate t for t =0; how:i:og that the curvature of each evolute is 
gl'eat t where the evolute Cl'Os. e the axis of the parabola. 

·Onsidering the equation : 

rk =Fki+G~cj 

rk+l = [Fk- t(F + 1)Fk'Ji + [G1,- (F + 1)F
1
/]j, 

since F 1, contains only even powers of t and GI< only odd powers of t it 
follows that for t = 0 

and 

Therefore each evolute of the parabola of odd order has a point in 
common at its cusp with the evolute of next higher order at its vertex. 

From equation (5) 

(16) r 1,+2 = [F1t- 4t(1 + F)Fk'- (t2 + 1) 2F/']i 

== Fl<+2i + Gk+2j 
+ [Gk- (1- 2t2- 3t4 )F/ + t(t2 + 1) 2Fk"]j 

so that the cusp of the odd ordered evolute rk+2 is given by t = 0 as 

rk+2 = [Fk(O)- Fk"(O) ]i. 

It is necessary to determine the sign of the coefficient of i to locate the 
various cusps. From (16) 
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(17) II 2 4F 't3 F 11t 4 
F - F - F II- 4F 't2 - 2FI t - . k - I< • lt.+2 - k 1[ . k t 

If Fk is of the form 

(18) Fl,=A+A2tz+A4t4------ - +A2nFn, 

. h" h A A A -----A are all positive and each greater than the 
Ill w IC , z, 4 2

n ( 18 ) "th 11 oefficients 
d . e then F is of the same form as WI a c prece mg on , ~<+2 a· That is 

negative and each numerically greater than the prece mg one. . , 
since Fl is of the form (18), we have fort= 0 . 

F (0) - F (0) _ F 11 (0) a negative coeffie1ent, 
4n 1 - 4n-3 4 n-3 ' . 

F - (0) =F . (0) -F "_ (0), a positive coeffie1ent. 
4u+l 4n-1 4 n 1 . 

Whence the cusps of all evolutes of the parabola of order 4n + 1 he 
within the parabola and those of order 4n -1 lie without th_e ~~rabo_lt~ 
Since the vertices of the evolutes of order 4n + 2 and 4n comcl e WI 
these cusps respectively the vertices of all evolutes of th~ p~rabola of 
order 4n + 2 lie within the parabola and those of order 4~ he without _the 
parabola. On account of the increasing size of the coeffiCJents the vertices 
lie at increasingly greater distances from the vertex of the parabola. 

To discuss the concavity of rk we use ' 
'F" F 'G "]/(G ')3--1ft3F (19) d2x/dyz= [GI, k-' ~< k ' k - );~-F '-F "t. 

the last form following from Gk =- Fl, t and hence Gl, - I<. f 
Since Fl, is positive in all coefficients for k = 4n + 1_ and negatn:e or 
k- 4n -1 it follows because d2x/dyn is an even functiOn of t that. 

-All e~olntes of the parabola of odd order are concave towards the 

tangent at the vertex of the parabola. 
In like manner for evolutes of e en order 

d2x/dy2 = 1/G/+1" 

k + 1 is of the form 4n- 2, Gk is a negative odd function oft ~nd there­
~f G' a negative even function oft so that dzx/dyz is n_egative; ~ence 
e~:~ut=s+~f the parabola of even order, 4n- 2 have conc~vity opi~i~~t~~~ 
that of the parabola. If k + 1 is of the form 4n, Gk+l Is a pos 1 f 

. · f t" f t so that evo utes o f. t" f t and G ' a positive even unc Ion o , 
unc IOn o 1, +1 "th tl t of the 

the parabola of order 4n have concavity in agreement Wl. . la the 
parabola. This completes the proof of the ten propositiOns on 

evolutes of the parabola. 
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THE JAPANESE BEETLE AN AGENT IN SPREADING THE 

BROWN ROT OF PEACHES 

By GEo. W. MARTIN 

Dept. of Biology, Washilngton and Jefferson College 

pon maki11g over ei ltty experimen~, chiefly with ra ·pb ui , black­
lPtrie , chcrrie , peache and a few appl , iu the ·mnmct of 1925 at the 
Japanese Beetle Laboratory, Riverton, . J. the author pro·ved b yond 
all doubt that th apane e b etle fm-ui h s ufficieut ev:id 11 • to bow 
it o b a common carrier of the common di ea. e lruow11 a bl·owu rot 
among fruits, notably the peach. ther dj ease· tha11 the bi·owJlrot are 
carri i b thi in oct, since mt~ny O:li.'Periments how d the pre once o 
thor spore-bearing iimO'i, such a the spores of altcrnaria, penicillium, 

rl1izopus, gloeosp rium, ftl arhun, a well a the yea ts, bactm·ia , etc. 
From the many perim nt · r)erformed, the a.uthot· c ncludecl tllat. 

the fruits unde1· exp rhnentation, with the apple probably excepted, can 
become inoculated with the brown I'ot li ea e ,yjthout any le ions occur­
rin on the epidermi . W11en le ions are cau ed by tl1e mechanics of 
insects, lHill or other\yj e, no cloubt the inoculum ..,.ain headway mucb 
eat'li r and develop more rapidly towa1·cl complete infection and decay. 
Btlt a fat· as the experimentation was ~·tended with thl particular 
beetle, the author inclines to the llelie£ that the greate t factor in tl1e 
di "tl'ibntiOJ of: spores is the wind. 

FOREST INCREMENT IN PENNSYLVANIA 

By E. A. ZIEGLER 

Penna. State Forest School 

To intelligently consider a forest policy any nation or State must have 
some basic information on 

(a) the quantity of timber and wood products consumed, 
(b) the quantity grown in its forests, and 
(c) the chance for permanent import if consumption exceeds 

growth. 

We have relatively accurate data throu..,.h our ceu u of manufactures 
on the timber and wood consumptjou of h enthe nitcd Stat a well 
as our o-wn tate. tllOl'ongh cauva · of the fore. t resomces of anada 
a.,u ~ other adjacent forested countries has convinced e onomi t tl1at the 
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United States can not secure any considerable qutntities of structural 
timbers, but only tropical furniture woods and a partial paper pulp' wood 
supply from without. This pointed then definitely to a study of our 
own actual forest increment and its possible increase if found very 

deficient. 
Sweden and Finland in recent years saw the vital need of such a 

study since their forest product exports form such a large part of th.eir 
foreign trade and the perpetual maintenance of their forest ~roduct10n 
is necessary to their economic prosperity. These smaller nations the:e­
fore sent out timber survey crews, which measured narrow parallel strips 
through the timber lands from boundary to bound·uy, thereby securiHg 
accurate data for a fixed percentage of their forests, 

(a) on forest area, 
(b) on standing timber thereon, 
(c) on rate of growth or increment. 

The last was secured by measuring the number of years the timber 
required to grow an inch in diameter. These increment me~surements 
were taken systematically by means of increment augurs w~Ich extract 
a small radial core from a growing tree and expose the width of the 
annual rings of wood to measurement. These studies show whether the 
national policy should be directed toward an increasing cut or a decreas­
ing cut, or toward increasing a deficient increment in order to balance 

cut and growth or increment. . . 
Although from general observation men interested in. conservat10n 

were fully convinced that the United States was lon~ cut:mg f~r m~re 
timber than it was growing, no attempt to reduce this ser10us ~Ituat10.n 
to definite figures was made until the late B. E. Fernow pubhshed his 
Economics of Forestry in 1902. This writer quotes census data on forest 
area and cut of timber in certain forms only, but did not attempt to 
bring definite figures on total wood cut from the forest ''face to face'' 
with the annual growth of our forests. 

Neither the United States nor Pennsylvania has ever attempted a sys-
tematic forest survey like that of Sweden or Finland. We have always 
depended on the census for forest areas and forest products cut, and. on 
the compilation of somewhat fragmentary estimates for ~ur. standmg 
timber resource. Little has been done toward a systematic mcrement 

study. · . 
The writer assisted Mr. R. S. Kellogg in compiling the first defirute 

statement of total wood cut from the forests in the United States. This 
was placed (in a table1 published in 1909) at "over 20 billion cubic 

1 U. S. Forest Service, p. 14, Circular 166, 1909. 
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feet.'' Further ca11Vasses and compilations have tended to increase this 
to 24 billion cubic feet. This total consumption estimate was seen to be 
only half of the picture, however. 

About this time the U. S. Forest Service requested the writer to pre­
pare a statement of forest growth for the United States for the First 
National Conservation Congress called by President Roosevelt. While 
it was realized such a statement could not be absolutely accurate, it could 
nevertheless show what data existed and arrive at an approximate idea 
of increment sufficiently accurate to set over against the total wood cut 
and to show whether forest conservation was as urgent as its proponents 
claimed. 

The first step was to classify. the total forest and brush land of the 
United States into: 

1. Virgin timber, 188 million acres-no net increment. 
2. Cut-over lands made practically non-productive by fire, 82 

million acres. No increment could be assumed. 
3. Cut-over lands restocking with a fair increment, 225 million 

acres. 

This gave a total forest area of 495 million acres for the United States, 
which compares closely with the most recent figures2 of 469 million acres 
total, and 250 million acres cut over and reproducing, and 81 million not 
restocking. The virgin forest since 1908 would necessarily show a de­
crease and the cut-over lands somewhat restocking, an increase. 

By taking sample plot increment in the different forest regions for 
fully stocked measured plots, and reducing these increments by the same 
percentage that the actual second-growth forest represented as compared 
with the fully stocked sample plots, actual increment was approximated 
for this reduced area of growing forest. This calculation showed an 
average increment of 28 cubic feet of wood per acre and year on the 225 
million acres of young growing forest or 13 cubic feet on each. of the 
total495 million acres of forest land, with a total increment of 6.7 billion 
cubic feet. The most recent estimate in The Forest Resources of the 
World (just quoted) puts the total forest increment for the United States 
at six billion cubicl feet. That fifteen years of research should show 
present authorities still using the same methods of analysis and almost 
the same results seem to corroborate the approximate accuracy of the 
earlier data collected and the reasonableness of the assumptions where 
such were necessary to bridge the gap of missing field measurements. In 
1908 the big fact established was that forest consumption was outrunning 
forest g1·owth as 20 to 6.7 o1· more; This ratio is now claimed to be as 

2 Zon & Sparhawk, Forest Resources of the World, Vol. II, p. 530, 1923. 
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great as 24 to 6 or 4 to 1. Here then was the concretely expressed argu­
ment for an aggressive national forest policy, which is attempting to 
bring up the growth end of the ratio by encouraging private reforestation 
and public forest ownership. The..consumption part of the ratio may be 
cut down by economies in utilizing wood, but the greatest effort should 
be made to bring up the increment end of the ratio. These two efforts 
should ultimately result in changing the disastrous ratio of 4 to 1 to 
about 4 to 4 when we will be self-sustaining in forest products. This 
means a reduction of 20 per cent in total wood cut and an increase of 
230 per cent in increment, with the elimination of the huge fire loss. 

How does this vital ratio of wood consumption and forest increment 
lie in Pennsylvania~ Only one publish.ed attempt at portraying this in 
actual figures has been made to the writer's knowledge. Illick3 gives as 
his conclusion without stating his data that the average annual growth 

· per acre at present is .25 cord (stacked), which would be about 22 cubic 
feet (90 cubic feet solid per stacked cord) per acre on all classes of forest 
land. Although no absolute check can be made on this figure, it is prob­
ably as near the truth as can be hoped for until more of our forests are 
placed under management and an accurate stock taking and increment 
calculation completed. The figure is probably a little too high for the 
forests as they exist at present. 

A recent systematic measurement of the 23,000 acres of second-growth 
forest attached to the State Forest School at Mont Alto showed a stock 
of 1,100 cubic feet per acre (including blighted chestnut), with an aver­
age age of 35 years, or a mean annual increment of 33 cubic feet. Ex­
cluding the chestnut this increment has fallelll to 20 cubic feet. The 
increment in per cent of the growing stock is about 3 per cent, which is 
a little above an average rate for hardwood forest at 35 years, as shown 
by yield tables of oak and beech. As timber grows older and the grow­
ing stock increases in quantity this increment percentage falls, as is 
shown by the measurement of several 60-year-old fully stocked stands of 
second-growth hardwoods near Warren last summer. These stands 
showed 3,000 cubic feet of wood or an average annual increment of 50 
cubic feet, or an increment per cent of only 1.7. For the present age 
of the young forests of the State 3 per cent increment is therefore felt 
conservative. 

Illick estimates the forests of the State in their present depleted con­
dition average 6.2 cords of wood per acre growing stock. Applying this 
3 per cent increment would g·ive .186 cords increment or only 17 cubic 
feet per acre instead of 22 cubic feet, as his increment figures show. For 

a Illick, J. S. The Forest Situation in Pennsylvania. Penna. Dept. of Forests 
and Waters, Bulletin 30, pp. 7-10, 1923. 
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ptu·pose of discussion 20 cubic fe t iilcJ:emer may be afely taken a the 
pre ent average incr{:)ment of all our f~ll·est lm1d in Pcmnsylvanift . 

· careful examination of Pru.m y hrania' · cut of ltunbe.r, fuel wood, 
fencing, pape1· and ch mical wood, a.11d. minor product will ·show approxi­
mately 700 tnilliou cubic feet of wood being cut in and out of Penn yl­

ania annually in ali fotm for our use. 'rhi repl!esent. a con umption 
of 54 cubic :f-eet per a re o.f fore t "\vhlle we grow only 20. Our con­
uniption-urowth ratio is tberefo1·e 2.7 to 1. 

This discussion shows that we in Pennsylvania must either 
(1) dev lop our fo · t resources to the elf-su tainjng point, or 
(2) develop a perma11.ent source of import f'ron1. without the_ State. 

car ful examination hows that Pellll ylvania jmpo1·ts largo quan­
tities of h1mhor from the Pacific oa t and the South and _pulp wood 
:from Canada, at a great co t. Tl1i cost i placed as high as $100;000,000 
ammally. Even though \ve were ·w.i:llin to continue to neglect our fore t 
_production po, ibilities and pay out thi, large sum ther is more than a 

riou d~ubt if till: outside su1 ply i permanent. au,ada is placing 
obstacles ln ·the way of exportin ~pulp wood in order to drive our pape.r· 
mills into Canada. '!'he 11ti1·e nation is begim1ing to focus its lumber 
demands on th tlu· e northwe tern lumber States. 'rlu mea.n a multi­
plyjug o:f the mill ii1 this la t ]J"arcel of our virgin timber and a relative 
eatly adding of th e States to the lass o£ P 1m ylvauia, Ii.chigan and 
Mhme ta which are now comple ely tripped f their heavy virgin tim­
ber. The ou th will be -t ·ut on the l10ldin o:f 75 per cent of its 
lumber mills in ten yeru:s. We a~·e l'aiJidly near.inoo the point natiomilly 
wher Ol.ll' e ond-growth fore ts mu t pvove the saLvation o.r om wooa­
u iuO' i11 :t,lstric. ancl home builde.rs. 

What are the possibilities in Pennsylvania~ Almost half ( 45 per 
<Jent) of our State is in absolute forest land- 13 million acres out of 29 
million total area. Sample plots show that select areas may produce 
90 cubic feet (1 cord stacked) of. wood per acre and year. For state­
wide application this must be reduced. Germany's yield tables show 
that her average acre in perfect management (Qual. II forest) should 
produce 111 cubic feet per acre and year. Some state forests in Germany 
(Saxony) have been driven to the average production of 93 cubic feet 
per acre and year, but the production for the entire country is only 49 
~ubic feet, or 45 per cent of the theoretical yield table possibilities. 
Allowing for slightly better growth conditions in Pennsylvania we may 
place our possible increment at 60 cubic f.eet. 4 This would ~qual on~ 
present consumption (giving a total increment of 780 million cubic feet) 
and make us self-supporting in wood products, if our future growth is 

4 Bulletin 30, previously mentioned, places this at 90 cubic feet, which is too high. 




